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METHOD OF PHOTOCATALYTICALLY MAKING THE SURFACE OF BASE MATERIAL 
ULTRAHYDROPHIUC, BASE MATERIAL HAVING ULTOAHYDTOPHHJC aSd 
PHOTOCATALYITC SURFACE, AND PROCESS FOR PRODUCING SAID MATERIAL 



(57) A method of making the surface of a base 
material uttrahydrophific which comprises the step of 
coating the surface with a layer containing photocata- 
lytic semiconductor material such as titaniaand the step 
of photoexciting the photocatalybc material to adjust the 
angle of contact of the surface of the above layer with 
water to about 1 0 # or less. When this method is applied 
to the surface of a base materia! such as mirror, lens or 
windowpane. the growth of waterdrops is prevented and 
the base material becomes highly antifbgging. The arti- 
cles treated by this method do not undergo any deposi- 
tion of contaminants on the surfaces thereof and are 
readily cleaned by rainfall or washing with water. 



FIG. 2A 
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Description 
Technical Raid 
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^JHE^? ,r T^ n i < ^ teS bmad>y to art of 'endering and maintaining a surface of a substrate highly 

^ ^T^Ttf* *«* B*» «* ™*» Nghty hydrophilic to thereby prevem^g S thHSS 
or format^ of water ar^Trtsirrve^ 

Se^S ^rSr ^ ^ * <^ » prever* ^ of. to p«mi« seff^^to 
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It is often experienced that in the cold seasons, windshields and window-glasses of automobiles and other vshi- 
des^vp^es of buikiings, lenses of eyeglasses, and cover giasses of varS^n^^b^SsSe 
condensate. Sonfeny. in a bathroom or lavatory, it is often encountered that mirrors and eyeglas^ieSe fc^X 

the d^S^^rS^l^ 9 r< ^^_ e 5 Ct **• " hen Surbce * he « * a temperature lower than 

the w^^^«S«^rj!f ,C S!! ,y ^ ^ ^ 60 ^ the diameter thereof isontheorderofonehaffof 

_ Wto condensation olrrnisture further proceeds so that fine cxirxler^e r^artides are rneraed toaether to rrr*, 
^ ^ 1,18 r6fraCti0n Rflht taking piece at the interface be^^Sa^Ts^^ 

ZSZZl S^I 6 ^ ^ the surface to be biurred. dimmed, mottled^^^T^it 
to^rough image through a transparent article such as sheet glass is distorted and a reflective image of a £rr5d£ 

Similarly, when windshields and wmdow-glasses of vehicles, windowpanes of buDolngs rearview mirrors rrf 
ctes. lenses of eyeglasses, or shields of masks or ^^^sdbiM^„SS^^^^^Sl' 
drcp^areac^mesurf^ 

The term "anttogg,ng- as used herein and in the appended claims is intended to mean b^v thea^ rxS^ 
occu.^0. optx*! trouble resulting f™ fogging, grow* of condensate droplets cr adS^efdSpTe^S 

Obviously, the arrrifog^ art dee^^ p. 

•ogged or blurred. Fogging of endoscopic lenses and dental mouth mirrors may hinder proper and accurate diaocm&s 
operation and treatment H cover glasses of measuring instruments are foggS ^ir^o^vSSe^ JS" 
Tne windshiekte of autorr»biles and other vehicles are n^lly^^^^^^"^^^^, 
de^arriheatemsoastopern^viewsrntrwcflW 
ca^feasWe to install this equipment to the side windows and the rearvie^S^ 

Similarly rtisdifficuft « possible at all. to mount this arrfifogging equipment to w^^Sbu^S 2 ^^JS: 
o^ande™iosccpes.der^m^^ 

hrJTn ^"IT*"' l!^l and C °. nvenient antifogging method conventionally usedintrrcartrstoappfyontoasur- 
face an anbfogging composrton containing either a rr/drophilic compound such as poiyethvlene oJvcrJ orT^^w?,. 
^wa^^^cc^pc^suchassOicona Howe^oTsaZ^e^^ 

^Z^ZT" " when ruLd or ^^^^STJ^ 

Japanese UtiBty Model Kokai Publication No. 3-129357 (Mitsubishi Rayon) discloses an airffaoainn w „ 
ultraviolet light fallowed by treatmert with an aqueous alkaline solution to thereby farm mHo^Sm^^S^Sf 

^Ss^ts^^i 1 ^ ***** ^ ittn^o^S^^tS 

n^f^^f* **** PubCca,ion N 0 - S-SSOOS (Stanley Electric) discloses an artfifogging fim made of a 

c^SS^ h!2^ C ^ hydr ° phiUc ^ 81X1 a r^g^SXlrS Tne 

graftcopolymer^descrbedasra^ 
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. ging fim does not exhfoit a sufficient antifogging capability. 

. l^^^'Antifogoing Coaling Techniques »or Glass', Modem Coating Techniques, pages 237-249 oubfehad 

5 ZSS^^If art antrfoggmg techniques, which consist of rendering a surface hydrophilic. suffer 

io ^^^TT^^S 3 ^ t *^ in ^ i0n ^ to P*^^ an «^fo9S«r>g mettiod wherein the surface of a transpaj-errt substrate 
10 ****** rrcrror, lens and glass .s mairrtained highly hydropic for a long period of time. ,rans P arenl SUBstrate 

s^b^^Z^uITJT^ '* * P ' Wide antito 99 in 9 method wherein the surface of a transparent sub- 
! ^^^"J!^ an ^ glass is almost permanent* maintained highly hydrophflic. 

resist 

1 \ rejr^^^ 

g J!! 8 ^^ j rn1rC^ i S^ 1^ "J""***^ transparent substrate such as a mirror, lens and 

In this regard, air-borne grimes and dust particles are allowed under fair weather ax*m*n* ^ fan w * 

stnped pattern of drt. stain or smudge will appear on the surfaca eaneaa 

ar^, hence, ^ecoatng * not able to prevent foufcig or contamination by inorganic dusts. ^^^^ 9 
hyd A^br. a further object 
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Inoertainapparat^ 

be lowered if condensate pamdes adhering to radiator fire have grown into large droplets. 

^f°°f^™ ther °««^ ■» invention is to provide a method for preventing adherent moisture condensate 
J^TsTto^^ 



ture condensate to spread into a water film. 
Disclosure off the Invention 
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tocaSn^^^^^T^ ^ tr« fi^ trne in the world that ^ prutoexctetion. a surface of a pho- 
^^IV^^J^JT^^- Su, » snsm Blyi * has been discovered that upon photoexcitatjon of prKrtoarta- 

wrih water becomes less than 10°. more particularly less than S«. and even reached aboutO* " mmnaaan Q^ 
Based on the foregoing newdiscovery, the present invention provides, bro^ 

tXlTJSS^S 3 S "*» ^^^^^a rneC^aCZ^Sd°! 

tag to the invention, the surface of the substrate is coated with a* abrasiorKBsistart photo 
of a photocatalyrJc semiconductor material "^"Bwsam pnomcaiaiytic coating comprised 

Upon irradiation tor a sufficient time with a sufficient intensity of a fiaht havina a wavatonnfe h~. 

higher than the bandgap energy of the photocataJytic sernk^nS ^ sSrt ^SS^SZ ^ 
^Wo^hy^ictoexhibn 

herem refers to a highly hydrophilic property 0.e.. water wettabilhy)T^Satoi W SSSJS^S 
^n terms of the contact angle with water. Sinter* the term -su^rrrydn^ififS 

^evmr.rtseerns that the supemydrophiU^ 
least two aspects, with the conventional understanding and observafioTre«^^ 

vvhereby the electron-bole pairs once generated by prwtoexcitation undergo recombination v^ttart 

bv a'o^rSlil'?^^ thOU9h "* ^!f Cab ' e ^ ctarity, that the superhydrop^fliflcation process caused 
by a photocatatyst is a phenomenon somewhat different from photodecorrposfton of substances r J*i^*Z^l 
phototfalytic redox process. However, as described later, it has^«^2S^ suDaSSSS ^ 
S^" 0 ^"" 1655 a havir* an energy higher than the btuS^^S^S^SSSr^lZ' 

To initially superhydrophilrfy the photocatalvtic coaling, any suitable source of boht mav be used whirh h~ « 
.ength an energy higher than th. barKt gap energy of freZc^atar^eT s^Z 
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io ofiretooriflurniitttonlan^ 

a^ert^raphilificalion of a surface may be utilized for various ai»0rater^ ^f!^L ^f!^' 
« invention provides an antifogging method for a transDar«itrr^^ fl TS^L^L * ,nvenfon - »* 

» and «8htp^ecW»er*;a^T^ endoscopic lens, 

mcWIe. motorcycle, ropeway gondob. pleasure garden ^^^^^^2^^^' 

» :^s^^ a ^ to8 ^ 8 ^ 

event that moisture in the air or steam underarm c ^° aDn 9 ^ supemy*ophiW«d. Thereafter, in the 

so £r^^^~^ T ^£^~^^ 

display devices, ™5.*iiJZE^ ^ 00aBn 9 of a traffic sign, various 

cement conaete, a contyi^^^in^Z^^ * m * al ' ceramics - pasties, wood, stone. 

^ to the sunligm during the daytime, the sur- 

□nderthe action of nature. TWs*!^^^ 
ering buildings. w«iperrr«, lor ■retard, to eliminate or largely 

^^^^^^^^^^^^^^^ *«~+* ™- 
pr event feeding. "ace tnereof s proved wrth a photocatalyhc coabng and is rendered highly hydremic to 
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^^!^°l? lUS ^ Uper ^ rC ^ predude contemi "a n 's from adhering to the surface as rainwater laden 

w^thcorterr^ s^a^ air-borne dusts and grime flows down along the surface. Therefore, in coronation wrS 

^ZZZZT"? ^S 8 ^ P^* 1 * n*M. ^ surface of the building and the ike wiO bTn^ned 
almost for ever in a high degree of cteanfiness. riKuncunea 

as octenor or intenor member of a building, windowpane. household, toiet bowl, bath tub. washbZT NgrST 
^^f^^ ^ ^ ^ venaafion ^ fe made fZm2?SSS: 
sS^So^t^^ ' 8 ^ a « hereof, or other materiais, and the 

» When these articles which are fouled by oi or fat are soaked in. wetted with or rinsed by water fat^ 

^iTZ^y*^"*™'"* *° Photocataiytic <SX ZS££S£ £££ 

t^rSS 7 ^ 8 t8 S!T 1^ * <* <* may be cleansed without resort to a ^ST 

In anottier «pect «« .nverrton provides a method for preventing growth of condensate droplets adhering to a sub- 

^rtorm fim of water. By app^ng this method, for example, to radiator f£3 ZrTt S^Ep^EE? 

^^^T ^ beir* dogged by condensate hiTe^geSJ 

feSf^^^^r methodis •> a mirror, lens. windowpar^^rKteWeld. orpavSntrt 
is possible to promote drying of the surface after wetting with water. H-vemem.ii 

Brief Description of the Drawing? 
^u^Jt^^ 

l^L 2 ^^* 6 ^^J^ "r 080 "" *■"» * a mtaosoopically enlarged scale of the photocataiytic 
SnX^oT^ 

^^"!: 7and9are Oraprsre^ectively showing the variation, in response to time, of the contact angle with 

the Exanptes as the specimens are subject ed to irradiation of ultravSS EhV 
TO 6 shows Raman spectra of a surface * photoealaN* coating nade of sr^ wwwttum. 
FIQ& 8 and 16 are graphs showing the result of peiica hardness tests- 

Fia 1 0 fe a graph showing the relationship between the thickness of the photocataiytic coating and the caoabilHv 
of the coating to decompose methyl mercaptan- "*->^yuu «*rang ana me capability 

TO& HAand 11Bare front and side elevate views, respect 

RQ& 12-15 are graphs showing the contact artfewfth water versus ttemtto 

S'slLge; aS* * **** ***** ^ are toUed by city grime 

FK3& 18 ^graphs showing the variation, in response to time, of tJie contact aiigte 
havng different wavelengths is irradiated on the surface of the photc^ryBcSrlT 

Best Mode for Carrying f^tttha Inunntinn 

A substrate having a surface requiring surjerhyoYopNiriration is prepared and is coated with a Dhotocateivt^ nr^ 
•ng. In the case where the substrate is made from a heat resistive materfaTsuchas cer^m^ aS^S^^." 

^S^^^^J^ * 00,0 a P"otoo»datk ) ^e^c 0 ^g c^cS 

cortanmg the photocatalyst and by curing the coating composition, as described later. eortpoatjon 

When an anlifogging minor is to be nurtured, a reflective coa^ 
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photoratalytic coating may then be formed on the front surface of the mirror. Alternatively, the reflective coating mavbe 
formed <» the si^^ 



Photocatfltyst 
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Mania (HQ,) Jrtania is harmless. eherrtcaUy stable and available ataloTcok F^STSaha^aS^ 

ZZSr^ U J^l (UV) ^ ** ^is means JS^^^SSSt 

doe^oocurd^lhecouseofphotoexeitationso^ 

exfremely thm fim. On the other hand, the advantage * the rutile form of titarria fetfTit «nS simer^at a SET 
perat« so that a coating excellent in strength and abrasion resistivity can be obS 

™ 18 v**."*™ band towel lhan the anatase tormTshown !E?££fZ Jj£?L' 

purpose of photocatalytc superrr/dror^iiif icatjon. as well for the 

Hisb^ievedtr«tv^asubstrate10is«)atedwithaphot^ 
^J^byWIigrftwae™ 

adK^sr^inFiaSAand.asaresuftt^ 

meta^e^^S S IR'SSS* * *• ma y include a 

niHhoZt^^L " Sr V° 3, W ° 3 ' B *ft. ^ Fe 2°3. as shown in FK3. l.ftis believed that similar to tita- 

16 of^T^I 0 ' ^ P^ 0031 ^ formed by blending particles 14 of photocatalyst in a layer 

Thickness of Photocatalvtic floating 

In the case that the substrate is made of a transparent material as in the case of olass. a fens »nrt a »>. 
EfSS^J^^^ * P****"^ ««K « not greater thana2^nt ^rS, a^Ss So 
^^^k^L^^^^^^^^^ 8 ^* 1 Moreov^the^fteptSt^Sa? 

The surface ofjhe photocatalytic coating may be covered further by an abrasion-resistant or corroskm-rAstcbant 
protects layer or other functional fim which is susceptible to hydrcphil^fiorT^^^^ oorrosKXvres.stant 

ftrrnation Of PhOtOCatalVtic I avnr hv f^lrm^ g , Amnmhn.., T*, vm 

nrrfifT^JIfwtf?* 816 ismadeo, a heat resistiwe material such as metal, ceramics and glass, one of the 
S^^Z^^SS" re ^ photocate, * ic which exhibits the w^SSSSSfl 
c^ttanaon thesurface of the substrate and to then calcine the substrate to thereby transf^^ o^l^S3^ 

(1 ) Hydrolysis and Dehydration Polymerization of Organic Titanium Compound 

amine, the mixture being diluted by alcohol such as ethand iSp^^^^^T^^ T 
rr^rc^tr^rnixtureisa^edw 

ing. roil coating or any other suitable coating method, followed by d^r^a^^^^^^!!^?^:^ 00at_ 
perature «o 200°C. Upon drying. l*r*JJSEKE^ 

In lieu of titanium altadde. other organic compounds of titanium such as chelate of titanium and acetate of titanium 
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may be employed. 

(2) Formation of Amorphous THania from Inorganic Titanium Compound 

2^^^^^^ ^^' °° atinB - dip **** * «* «««na- The substrate is then dried at a 
temperature of 100-200 »C to subject the .norgaroc compound of titanium to hydrolysis and dehydration pdyrnerizafen 

^^^^^^^1°" ? e 6U ^ Ce * * 8 SU5Strat& MefnaS ^- amorphous titania may be formed on 
the surtace of the substrate by chemical vapor deposition of I1CI4. 

(3) Formation of Amorphous Trtania by Sputtering 

metaTSm^o^^ 

(4) Calcination Temperature 

(5) Formation of Diffusion Prevention Layer 

In the c^ett^tttie substrate is made of glass or glazed tie which contains alkaline netwok-modifier ions such as 
sortura rt K preferable that an intermediate layer of silica and the like is formed between the sub^a^dTe^rt 

St^SS TJ° SS^L™ 8 P™"* alkaline netwtxk-modifier ions fron E£ 'SSH 

from*e substrate ; intoj he photooatalytic coating during calcination of amorphous titania. As a result, supertwdraph? 
f ication is accomplished to the degree that the contact angle with water becomes as small as 0*.^^ si'Pemyaropniii- 

PhOtO«aalvtjc Laver of saka».Bl «ndad TTtania 

m An ^ le ' P referred method of forming an abrasion resistant photocatalytic coating which exhibits the suoefhv- 
SLSl!^l d ^^!f ^ with water is ep'uXo^to fcSZtbe surfaS^T^Sa 
^^^ a «^l°' a* *»- The "*> of silica to the sum of titania and^tfcamay 
be 5-90 % by mol. preferably 10-70 % by mol. more preferably 10-50 % by mol. Formation of Dhotnrataivt*- ™JZ 
cornpn^ of sito-blended titania rmy be carried o^ 

^^ e, ^ k ^l^. 6interin0 * 8 tem P erature less than the softening point of the suSSa 
J^T^L^!!^ * a 7^f_ afca (a9 - '^aaltocysflane as tetraettocystane, tetra^opropox- 
S2JS^!S^ , f abuthaxys,lane - -* tetramethoxysaane; sSancTfern^ l^S^f 
ISS^T^ff ^^"^^I? a JT? an mo,ecuter <»"ess than 3000) and a wtSfineSS^I fe 
appBed on the surface of the substrate and is «*|ected to hydrolysis where desire ^ 
heat^terrpera^^ 

aphotc^a^ coating wherein titania partJc.es are bound by arnonZs^TETCi nSSSZ 
po^meraafion of sdanol is carried out at a temperature higher than about 200-C. fdtmS^TSSZ 
"c«nphshed to a high degree so that the alkali resistance of the photocatafytJc cotf^taentoS 
(3) A suspense wheran particles of silica are dispersed in a solution of a precursor of amc^Ss trtania (aa 
orgamc compound of titanium such as altaxide, chelate or acetate of titanium- or jrwroar^cornoo^^^^ 

200-C to thereby form a th»> film of anwphoustrtariia wherein partid^ Than ttwfMnMrn 

^ r< * y iranskxm a"wpr«us titania into crystalline titania by phase transition 
2 01 8 Prea,rSOr * am0f P hous (0^= compound of titanium such as altaxide, chelate 
or acetate of titanium; or inorganic compound of titanium such as TifX and TifSOA.) is a Drecursorrfflm^^c 
58108 <*« ' *"* as tetraethoxysilane. teWst.prcSyei ^S^^^S^. 
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ysitane. and tetramethoKysOane; hyorolyzate thereof. La. silanol; or poiysilaxane having a mean molecular weight 

of less than 3000) and the mixture is 

to nydrdysis and dehydiatoi polvnieriat^ 

phous silica. Thereafter, the thin film is heated at a temperature higher than the crystallization temperature of titania 
but lower than the softening point of the substiatetolherebytraiisJorm 

phase transition. ' 



Photocatalytic Layer of Tin Orid^Handed THnnto 



n*'^"' ^ '"""'"O sbrasion resistart photocatalytic coaling which exhibits the superhv- 
wophitoty of such a degree that the contact angle wHh water is equaJ to 0» is to torn <« the surface of the substrate a 
photocatalytic coating comprised of a mixture (rftitarfa and tin oxide. The 
^"^^^. % ^^^Pre*eraUy1^0%oyweighl Rxiration tf a phcitocatalytfc 
oxide^ereledtrtartia may be Redout by oro^ ^ *^ 

(1) A suspension containing particles of the anatase form or rutile form of titania and particles of tin oxide is applied 

on the surface of thesubstmte, followed by sintering at a tempeiatore less trian the softening 

(Z) A suspension wherein particles of tin oxide are dispersed in a solution of a precursor of amorphous titania (e.a 

^^^S^^T Ch8tete " ****** « ftaniUT1; ****** ^Vound of titanium 

^ff^T^ 8 ? 4 * 2 * 18 00 *• sunace of the substrate and then the compound of titanium is sub- 

tolSS^iSf^^^^. * 8 ten * e ^'^^ the anient temperature to 
200 Ctothereoyformathn«mrtainorriKXJS 

film he^^temperature higher than the crystallization temperature of titania but lower than the softenina 
pant of the substrate to thereby transform amorprww titaflfa into erys^ 

Silicone Paint Containing Phnmra^iy^ 

rtt Jl^Z^^^ "^J* fomiin9 8 P hotocaSa, y ,ic "^"S "«* exhtofts the siiperrr/tfcpnScity of such a 
fS^J^L^?^ ^"seoualtoO-istousea coating cornposition wherein particles of a photocat- 

a^stare dispersed m a f Bm forming element of uncured or partially cured silicone (wgarKXwrystaxane) or a precursor 

^J^^^^^^^^J" *" 6011806 * *"* substra,e *• « m forming element is then subjected 
to cunng. Upor^oexcrtaton of the photocatalyst the organic groups bonded to the silicon atoms of the silic^Vnol- 
ecul^ are substituted with hydroxyl groups ijrxier the prKJtocatalytic actiai of fine photocataiyst as described later with 
reference to Examples 13 and 14. whereby the surface of the photocatalytic coating is superhydroph^d^ 

"wiriethod provides several acfca^ 
SiS^fl^ T^S ^temperature, this method may be appfied to a substrate formed of a non-heat- 
resisterit matenaJ such as plastics. The coating composition containing the photocatalyst may be applied whenever 
£E^f^JT?t2? C ° atin9 " ^ «*""9 and the Ote on any existing substrate reauh^g^SJ 

Furthenmore.in^ evert that the coatir^ 
«£P^ to 'W^«*the steel sheet to plastic won^ as oesired after curing 

Photoexofatoa^ to phK^tation. the organic groups are bonded to the atonatoms o^ico^«£S« 
^TT^^ the steel sheet may be readily deformed without darn^ 

agmg the coating film. After plastic deforrnatkw. the photocatalyst may be subject 

actwidphctocatalysttotherebyr^ groups unoer the 

The phcjtocatalyst-containing silicone paint has a sufficient resistance against p*x>tocwdatjon action of the Dhoto- 
catalystsmceitfecoiTposedoftnesaoxaneborxl ttcoon oi me pnoto- 

^./^f^^f * *• Phftocatalytic coating made of photocataiystKxrtaining silicone paint is that once the 
surface hasbeen rendered superhydrophiBc. the siiperhydropriBcity is maintained tor a long pert* of time evenrt the 

afZ-^a^ ^ *° ™ * — * tr^S^indS ilSS 

m J^^°!V 6 ^ fo /"? ng M e,9ment in me in«™ton include rr*thyttric*iorosB^ 
.Tf^^^^" 1 ^^? 8 " 6 ' meth y ft nTscpropoxysila^ ethyrtrichkx^ 
lane.ett^foroinosilane. ethyltometjK«ysilane.ethylW etnyttrtsopropoxysflane.eth^ 
rxcpy1tiK^.3^.n-pr <W itnWx«lane. r^xopyHrime^^ 
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lane.rH)ropyttri-t-buthoDcysaane; rbhexyltridilorra'l^ m i lualane, n-hexyttrin*ethoxysilane,r^ 

ysflane. n-haxyttn1sopropoxysilane,ivhexv^ r*<lecyttiichkxosil^^ n- 

decyttrimetrraxysilane,n^ n-decyttnlscpropoxysilaj^n-decy^ rvoctadecyttricNo- 

rosilane^rMX^lecyttriaromoalane, rK)Ctadecyttrimethoxv^^ rvoctadecyttritsopropQx> 
ysilane,i>octadecyttri-t-buttx>^ phenyttrichSorosQane, phenyttnbromosilane, phenyttrimethcxy8ilane. 

phenytoiethoxysilane, phenyttriscprcpoxysUarw^ tetntthtorostiane. tetrabranosilane, tetram- 

ethaxysilane, tetraethaxysflane, tetrabuthoxysaane, dimethoxycSethcoysilane; dmefryUichlorosUane. dmetrtyldfcromo- 
silane, cfimettyicfimethoxysilane, clmethyldiethoxysilane; d^enykfichkHosilane, diphenyldbromosilane, 
diphenyWimethoxysaane, diphenyWiethaxysflane; phenytmethylolcntorc^ phenyl- 
methykfinwthoxysiiane,phenylmet^ trichJoronydrosilane. tribromohydro si tane, trimethoxyhydrosilane, 

triethoxyhydnosflane, trnsopropoxyhydrosaane, tri-t-buthoxyhydrosaane; viriyttricWorosilane. vinyttrftKomosflane, vinyftri- 
methaxysflane, vinyttriethaxysOane, vinyttriisopropoxysilane, vinyttri^^xithoxysilane; trifluoraprapyttrk^iloK^ 
luoropropyftrtoromosilane, trifluoropropyttrimetr^^ trfluaopropyttrGso- 
prapaxysitane.trifiuorapropy^ gamma^tycxiQxypropytmethyfc^ gamma-glyddaxypro- 

pylmethyldiethaxysilane, gamrria-glydotaxypr^ gamma-glyc- 
idoxypropyttrOsopropoxysilane, ganriTO-gtyctdaxypropyttri 

dimethoxysilane, gamro-methacryloxypropytm gamrrta-niethacryloxv^^ 
©aimia-methacrytaxypfiopyttri gamma-methacrykaxypro- 
pyttri^-buthc)xysilane.-gamra garmia- 
arrirxxoropyttrimethoxv^ gamma- 
arninoprcxoyltrHt-buthaxysaane^ gamrra-rrrercaptcpropyto gamma-mercaptopropy^^ 
ysflane, gamfTO-mercaptopropyttf gamma-mercaptopropyttrietho^ gamma-merraptcixopyriri- 

isopropoxysaane. garnma-men»ptopropyttrH-bu^ IH3Aepoxycydc*eKy^ p-{3.4- 

epODcycyctohexyOethyftrietha^ partial hydrolizate thereof; and mixtures thereof. 

To ensure that the sflicone coating exhbcts a satisfactory hardness and smoothness, it is preferable that the coating 
contains more than 10% by mold a three-dimensionaOy cross-linking siloxana In adcfition, to provide an adequate flex- 
fcifityofthe coating film yet assuring a satisfactory hardness and smoothness, it is preferred that the coating contains 
less than 60% by mol of a two-dimensionaBy cross-linking sflaxane. Firthermore, to enhance the speed that the organic 
groups bonded to the silicon atoms of the silicone molecules are substituted with hydroxy! groups upon photoexcitation, 
rt is desirable to use a sinconewh^ein the organic groups bonded to the silicon atoms of the silicone molecules aren- 
prcpyl or phenyl groups. In place of silicone having the silaxane bond, organcporysilazane composed of a silazanebon^ 
may be used. 

Addition of Antibacterial Enhancer 

The photocatalytic coating may be ckiped with a metal such as Ag t Cu and Zn. 

Doping of the ptotocaialystw^ 
pension containing particles of the photocatalyst, the resultant solution being used to form the photocatalytic coating. 
Alternatively, after forming the photocatalytic coating, a soluble salt of such metal may be applied thereon and may be 
subjected to irracGation of light to deposit metal by photoreduction. 

The photocatalytic coating doped with Ag, Cu or Zn is capable of killing bacteria adhered to the surface. Moreover, 
such photocatalytic coating inhibits grc^ of microorganisms such as mold, alga and moss. As a result the surface of 
a building, machine, apparatus, household, article and the Kke can be maintained dean for a long period. 

ActfrttoncJPhotraclh^ 

The photocatalytic coating rnay additionally be cfopeo^ 
Os and Ir. These metals may be similarly doped to the photocatalyst by photoreduction deposition or by adcfition of a 
soluble salt 

A photocatalyst doped with a metal of the platinum group develops an enhanced photocatalytic redox activity so 
that decomposition of contaminants adhering on the surface wiH be promoted. 

Photoexcitation and UV Irradiation 

For the antifogging purpose of a transparent member such as glass, a lens and a mirror, it is preferable that the 
photocatalytic coating is formed of such a photocatalyst tike titanta that has a high band gap energy and can be pho- 
toexctted only by UV light In that case, the photocatalytic coating does not absorb the visible light so that glass, a lens 
or a mirror would not be colored by a complementary cole* cor^ 
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by a UV Bght having a wavelength less than 387 rmwHh the rutile formed 

than 413 nm, with tin oxide by a UV light haMiig a wavelengto less than 344 rim, wfa 

wavelength less than 387 nm. 

As a source of UV light, a fluorescent lamp, incandescent lamp, metal hafide lamp, mercury lamp or other type of 
5 indoor illumination lamp may be used. As the antrtogging glass, lens or mirror is exposed to UV light, the surface thereof 
will be supertiydrophifified by photoexcHation of the photocatalyst In a situation where the photocatarytic coating is 
exposed to the sunlight as in the case of a rearview mirror of a vehicle, the photocataJyst wiQ advantageously be pho- 
toexcited spontaneously by the UV light contained in the sunlight 

PhotoexcHation may be carried out or caused to be carried out until the contact angle, with water, of the surface 
10 becomes less than about 10°, preferably less than about 5*. particularly equal to about 0°. Generally, by photoexcrting 
at a UV intensity of 0.001 mW/cm 2 , the photocatalytic coating will be superhydrophitified within several days to the 
degree that the contact angle with water becomes about 0°. Since the intensity of the UV light contained in the sunlight 
irnpinging upon the earth's surface is about 0.1-1 mW/cm 2 , the surface will be superhydropfuGTied in a shorter time 
when exposed to the sunfight 

15 In the case that the surface of the substrate is to be seff^cleaned by rainfall or to be prevented from adhesion of 
contaminants, the photocatalytic coating may be formed of a photocatafyst which can be photoexcited by UV light or 
vistole light The articles covered by the photocatalytic coating are disposed outdoors and are subjected to irracfiation 
of the sunlight and to rainfall. 

When the photocatarytic coaling is made of titartia-corrtaining silicone, it is preferable to photoexcrte the photocat* 
alyst at such an intensity to ensure triat a suffid arnourt of the surface org^c groups bonded to the siDcon atoms 
of the silicone molecules are substituted with hydroxy! groups. The most convenient method therefor is to use the sun- 
light 

Once the surface has been made highly hydrophOic, the hydropWIicity is sustained even during the night Upon 
exposure again to the sunlight the hydropWIicity wffl be restored and maintained. 

It is preferable that the photocatalytic coating is superhydrophifified in advance before the substrate coated by the 
photocatarytic coating according to the inventfon is offered lor use to the user. 
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30 The following Examples illustrate the industrial applicability of the invention from various aspects. 
Example 1 

Mteflp JOQ Mirror - AntifaQOina Photocatalytic (loafing with IrrtPrlwn/ q d Silica LayAr 

6 parts by weight of tetraethoxysOane SKOCaHsfc (Wako JunYaku. Osaka). 6 parts by weight of pure water, and 2 
parts by weight of 36% hydrochloric acid as a rrydrolysfe inhibitor were added to 86 pam by w 
vent and the mixture was stirred to obtain a silica coating solution. The solution was allowed to cool for about 1 hour 
smce the solution evolved heat upon mixing. The solution was then applied on the surface of a soda-lime glass plate of 

square in size by the f^ 
trK^lanewasnya^ 

a thin film of amorphous silica on the surface of the glass plate. 

T]ten a tenia coating sdution was prepared by ao*^ 
inhibitor to a mature of 1 part by weight of tetraetrwxytitanium TKOC^Hsk (Merck) and 9 parts by weight of ethanol and 
the solution was applied to the surf glass plate by the flow coating method in dry air ' The 

ainount of coating was 45 ng/cm 2 in terms of tetania As the speed of hyoVolysis of tetraethoxytitanium was so high 
hyoioly^ partially commenced during the course of coating so that formation of titanium hydrox- 

ide Ti(OH)4 started. 

Then the glass plate was held at a temperature of about 150°C for 1-10 minutes to permit completion of the hydro!- 
ysis of tetraethoxy-titanium and to subject the resultant titanium hydroxide to dehydration pdymerization whereby amor- 
p^ titania was formed. In th^ 
the coating of amorphous siBca. 
_ ™s^sp^^ 
ana^ form of trtania ftis considered tn^ 

ing of amorphous titania, alkaline network-modff ier ions such as sodium ions being present in the glass plate were pre- 
vented from diffusing from the glass substrate into the trtania coating during caJcinatfon. 

Then a reflectrve coating of d 
to prepare a mirror to thereby obtain #1 specimen. ^ 
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Afterthe #1 specimen was kept in the dark for several days, a UV light was hadeted on the sutaceoT the speci- 
men for about one! tour at the UV intensity of 0.5 mW/cm* (the intensity of UV light having an energy higher than the 
band gap energy of the anatase form of trtania. i.e.. the intensity of UV light having a wavelength shorter than 387 nm) 
by using a 20W blue-fight-black (BLB) fluorescent lamp (Sankyo Electric. FL20BLB) to obt8jn#2 spedmert 

Fbrthe purposes of comparison, a reflective coating of aluminum was farmed by vacuum evaporation deposition 
on ^ back c^ass plate prov^ 
eral days to obtain #3 specimen. 

The contact angle, with water, of the #2 and #3 specimens was measured by a contact arnle meter 
Kagaku K.K. of Asaka. SaHama. Model CA-X150). The resting power at thVsn^^e^S^n^S 

^^1, f 5 ^^ 8 " 8 - thereadirc of me cc^ angle meter, irrik^ 

"*» "SJT* *• surface - 0* so that the surface exhibited supertiydrcprfficity. In contrast the contact 
angle with water of the #3 specimen was 30-40*. * 

mJ^Lf T^T 5 T 6 teSt6d *" anWo 9° in 9 capabilrty as well as to see how adherent waterdro- 

S^rt™^ * ^^'Z**!* 8 "" Pacing on the beater each specimen £ abakl 0 secor^STe 
J^f^ £ ^ downwards - ^ ^ inspecting immediately thereafter the presence or absence of a 

fog on the surface of the speamen and inspecting how the face of the tester reflected 

rrt^^ed weB. Hciwever. wrlhthe « specroea i» fo 

frrJT^T^l UT 3 "^T ^ * dherent "a** dr °P lels 10 was carried out by dripping several water droplets 
"l!^?"! 0 ' incfined atan «"9leof45-. rotating the mirror into a vertical pccitorTarri 

thereafter inspecting how the droplets adhered and how the face of the observer reflected 

e.J^/' 6 SP^ 8 ". dispersed discrete waterdroplets which were obstructive to the eye adhered on the mirror 

^^♦^T^^^f ^ ^ Cfe,Urt ^ by *» refracfon °"*8nt due to adhenirn dropiete £ th5 S 
difficult to observe the reflected .mage with clarity. In contrast with the #3 specimen, water d^e^eredato^ 

rTr^hTJ 3 1^,^lTJ^fZ^ e ^ t° form a uniform waWfifm without fo^dSeTwa^ 
ptete. Although a *W distorton of the reflected image due to the presence of the water fim was observed, rt waspoT 
stte to recognize the reflected image of the tester's lace with a sufficient clarity. ^ ^ 

Example 2 

Artrfegging Mirror - Photoratalvtic Coatim Cnmnrbdnn snj^-p ienoari T*,n fa 

sJ^t^TT**** "** forTned °" *™ 8Urface * a mimx (made * Nlhon Qta8B - MFL3 > in a 

T^en acting solution was prepared by admixing 0.69g of tetraelhoxysaane (Wako JunYaku). 1 07o of a sol of the 
anatase form of Mania (Nissan Chemical Ind.. TA-15. mean particle size oTo.01 m). 29J»gtf elhanc! a4 0 36o^ 

«atefrperatoreofabomisrwtorabout20mimjt^ 

^^T^T-r r^XoTthe anSs^oTSa^e3X 

was 1. 

o^m^was measured by the sanie contact ang^ 

spreaSe" S3 wS'^^^^!^^^^ ^ «^ Cerent water droplets to 

ZtaZ J^H?^ rmror wherein a fog was observed on the surface of the mirror so that 

W !L n0, J Ctearty refteCted ' ** inspection ** <* water cUocSsto 

d^irXi^^f. to d6arty 1,16 reWeCted ima ^ With the #1 sp^men^contrasrwaTi 

^fl^J ^^TS the -^sd imagedueto the presence of the water fim. it was poss^toTeSXe 
the reflected image of the tester's face with a sufficient clarity. ero recognize 
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Exarrple3 

Antifoooina Eyeglass Lens 

5 First a thin film of arrxxphous silica was formed *^ 
commercially available on the market 

Then, the coating solution similar to that of Example 2 was spray coated on both sides cf the lens an^ 
held at a temperature of about 150°C for about 20 minutes to subject tetraethoxysilane to hydrolysis and dehydration 
polymerization to thereby form on each side of the lens a coating wherein particles of the anatase form of titania were 
to bound by a binder of amorphous sflica. 
After the lere was kept in the da^ 
one hour at the UV intensity of 0.5 mW/cm 2 . VVhen the contact angle with water of m^ 

by the same contact angle meter as used in Example 1, the rearing of the contact angle meter was 0°. This lens was 
mounted to the right-hand frame of eyeglasses, with an ordinary lens being mounted for the purposes of comparison to 
75 the left-hand frame. 

When, several hours later, the tester wore the glasses and took a bath for aboirt 5 mir^ 
left was fogged wtth steam so that tte right- 
hand lens coated with the prwtocatarytic coating that had been subjected to UV irradiation. 

As the tester then intentionally directed a shower on the glasses, obstructive waterdroplets adhered on the left- 
20 hand ordinary lens so that a view was interrupted. However, waterdroplets adhering on the right-hand lens promptly 
spread into water tarn so that a sufficient view was secured. 

Example 4 

25 Arttrfooa'mo G tfffft - 7 TT"1 T*** Trtania Coating 

A solution containing chelate of titanium was applied on the surface of a soda-time glass plate of 10cm square in 

size and trtarnum chelate was subjected to h^ titania on the 

surface of the glass plate. Trie plate was then calcined at a temperature of 500°C to form a surface layer of crystals of 

the anatase form of titania. The thickness of the surface layer was 7 nm. 
so The surface of the thus obtained specimen was first subjected to irradiation by a UV Gght for about one hour at the 

UV intensity of 0.5 mW/crrr^ by us As the contact angle wflh water of the surface 

imen was measured by a contact angle meter (made by ERMA. Model Q-l-1 000. the resolving power at the small angle 

side being 3°). the reading of the contact angle meter was less than 3*. 

Then, while irradiating by a UV fight at the UV intensity of 0.01 mW/cm 2 by using a 20W white fluorescent lamp 
ss (Toshba, FL20SW). the variation, in response to time, of the contact angle was measured. The results are plotted in 

the graph of FIG. 3. It will be noted from the graph that the surface of the specimen was maintained highly hydrophiGc 

even by a weak UV light emitted from the white fluorescent tamp. 

This Example illustrates that the surface of the photocatarytic titania coating can be maintained highly hydropWlic 

even though the thickness thereof is made as extremely smafl as 7 nm. This is very important in preserving the trarts- 
40 parency of a substrate such as a windowpane. 

Example 5 

Antrfoooino Glass - 20 nm Thick Trtania Coating 

45 

A surface layer of anatase-form titania crystals was formed on the surface of a soda-lime glass plate in a manner 
similar to Example 4. The thickness of the surface layer was 20 nm. 

Similar to Example 4. the surface of the thus obtained specimen was first subjected to irradiation by a UV light for 
about one hour at the UV intensity of 0.5 mW/cm 2 by using a BLB fluorescent lamp, and then the variation in response 
so to time of the contact angle was measured while subjecting to irradiation by a UV light at the UV intensity of 0.01 
mW/cm 2 by using a white fluorescent lamp. The results are shown in the graph of FIG. 4. In this Example, too, the sur- 
face of the specimen was maintained highly hydrophilic by a weak UV light emitted from a white fluorescent lamp. 

Example 6 

55 

Antifoooino Gla ss - Effect of Calcination Ternoerature of Amorphous Trtania 

In a manner similar to Example 1, a thin fim of amorphous silica was first formed on the surface of soda-lime glass 
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plates of 10cm square in size and then a thin fflm of amorphous trtania was coated Iher^ 
imens. 

These glass plates were then calcined at a temperature of 450*C. 475*C, 500°C. and 52S*C. respectively. Upon 
inspection by the powder X-ray attraction method, the presence of crystalline titania of the anatase form was detected 
in the specimens calcined at 475*C, 500°C, and S25*C so that transformation of amorphous titania into the anatase 
form crystalline titania was confirmed in these specimens. However, in the specimen calcined at 450*C, the anatase 
form of titania was not detected. 

The surface of the thus obtained specimens was first subjected to irradiation by a UVUgrrt for aboU three 
the UV intensity of 0.5 mW/cm 2 by using a BLB fluorescent lamp, and then the variation in response to time of the con- 
tact angle was measured by the contact angle meter (CA-X1 50) while subjected to irradiation by a UV light at the UV 
intensity of 0.02 mW/cm 2 by using a white fluorescent lamp. The results are shown in Table 1 . 



Table 1 





Contact Angle (*) 


Calcination Temp (°C) 


tamed, att BLB irradn 


3 days later 


9 days later 


14 days later 


450 


10 


13 


15 


23 


475 


0 


0 


0 


0 


500 


0 


0 


0 


0 


525 


0 


0 


0 


0 



As win be apparent from Table 1. it was found that in the specimens which were calcined at a temperature of 
475°C. 500°C. and 525 # C and in which the formation of anatase crystals were confirmed, the contact angle was main- 
tained at 0* and the surface of the glass plate maintained superhydrophiUc as long as irradiation of the UV light by a 
white fluorescent lamp was continued. In contrast, rt was observed that the coaling of amorphous titania of the speci- 
men calcined at 450*C <fid not exhtoit photocatalytic activity so that the contact angle increased as time elapsed. 

When a Wow of breath was blown upon the specimens calcined at a temperature of 475°C, 500°C. and 525*C. no 
formation of fog was observed on the specimen surface. 

Example 7 

AntrfoOQino Glass - Effect of Alkaline Network Modifier Ion Diffusion 

A titania coating solution similar to Example 1 was prepared and was applied by the flow coating method on the 
surface of a 10cm square soda-lime glass plate. Similar to Example 1, the amount of coating was 45 ^g/cm 2 in terms 
of titania. 

The glass plate was similarly held at a temperature of about 150°C for 1-10 minutes to form amorphous titania on 
the surface of the glass plate. The specimen was then calcined at a temperature of 500°C to transform amorphous tita- 
nia into the anatase form of titania. 

Ate*- keeping the specimen in the dark for several days, a UV light was irracfiated on the surface of the specimen 
for about one hour at the UV intensity of 0.5 mW/cm 2 by using a BLB fluorescent lamp Thereafter, the contact angle 
with water was measured by the contact angle meter (CA-X1 50), which indicated a contact angle of 3*. 

ft is considered trtat the reason why in this sped 
contralto Example 1. the specimen of this Example was not provided with a silica layer interleaved between the glass 
substrate and the titania layer, the alkaline networfc-modri ier ions such as sodium ions were allowed to diffuse from the 
glass substrate irito the titania coating dui^ 
dered. 

It is therefore believed that in order to realize the superrrydrophflioty of such a degree that the contact angle with 
water is equal to 0°, ft is preferable to provide an intermediate layer of silica as in Example 1. 

Example 8 

AntifoOflinQ Glass - Formation of Amorphous Titania Bv Sputtering 

Afilm of metallic titanium was deposited by sputtering on the surface of a 10cm square soda-fime glass plate which 
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was then calcined at a ten^^ 

arvtese form of titania was observed plate. Obviously, metallic titanium was oxidized into 

anatase ty calcination. 

Soonafter calcination, the surface off the specimen was subjected ^ 
0.5 mW/cmr by using a BLB fluorescent lamp and the contact angle with water was measured by the contact angle 
meter (CA-X1 50) to monitor the variation in response to time of the contact angle. The results are shown in the rah 
of FIG. 5. As will be apparent from the graph, the contact angle with water was kept less than 3*. This experirrmrrt illus- 
trates that even in the case where the photocatalytic coating is formed by sputtering, the surface of a alass Dlate is 
maintained highly hydrophiGc upon UV irradiation. S * 

Example 9 

Antrfoooino Glass - UV Inten sify of 800 Lux 

A thin film of amorphous silica was formed on the surface of a 1 0cm square soda-lime glass plate in a manner sim- 
ilar to Example 1. 

Then the coating solution of Example 2 was applied by spray coating on the surface of the glass plata The class 
plate was then held at a temperature of about 150«C for about 20 minutes whereby a coating in which particles cTthe 
anatase form of trtania were bound by a binder of arrwrohous silica was formed on to 
ratfo by weight of titania to silica was 1. y ^ 

After kept in the dark for severeJ days, the gl^ 
^ ^ ^ ten f ty * °* 5 mW/cn ^ by a BLB fluorescent lamp. After UV irradiation, the contact angle with water of the 
surface of the glass plate was measured by the contact angle meter (CA-X1 50) and it was found that the contact angle 
was o» 

rorJ!"*^™'- *" 6f * dn * sn to irradiation byaUVDghtfc<4daysattheUV intensity of 0.004 mW/cm 2 

(800 lux) tV usmg a whrte fluorescent lamp While the specimen was under UV irradiation, the contact angle at the sur- 
ft^ereof was maintained 
of fog was not observed. 

In this way. it was confirmed that, by a weak UV light available under indoor illumination achieved for example by a 
white fluorescent lamp, the surface of the glass plate was maintained highly hydrophilic and fogging of the glass plate 
was prevented. 

Example 10 

AntifaqairM Glass • Effect of Slira-hvTitania Blending Ratin 

^ Next tetraethoxysaane (Wako JunYaku), a sol of the anatase form of trtania (r*ssan Chemical Ind.. TA-1 5) ethanol 
^ ^™* ater _ w ^ e _ a ^ mixed in varyin9 rate to Prepare tour Wnds of coating solutions having different tetra'ethoxvsi- 
lane-to-ttania sol blending rate. The rate of tetraethoxyalanetotitenia sol was so selected that after tetraethoxys.lane 

niol.Srabymol. 50%bymd. arKi7rj%b^ ' U700y 

^chofthe coating soJutois was apc^e^ 

he " * a temperature of about 150«C for about 20 minutes to subject tetniethoxvsflane to hydrohSs 
anddehydration polymerization whereby a coating in which particles of the anatase form of titania were bound bva 
binder of amorphous siRca was formed on the surface of the glass plate. 

After being kept in the dark for a week, the specimens were subjected to irradiation by a UV light for about one hour 
at the UV Mensity of 0.3 mW/cm* by a BLB fluorescent lamp. After UV irradiation, the contact S^vS^ 
surfaced i the respective specimens was measured by the contact angle meter (CA-X150). The contact angle was 0° 
throughout aJI the speamens. 

^eafter. Not spedmers with coa^^ 
torradiatkx,byaUV.i 3W for3daysattheUVimer^ofO.(mmW 

speamens were under irradiation, the contact angle at the surface thereof was maintained less than 3". 
Example 11 

AotifoaoirKi Glass . Rutila Farm Photocaialvtir. r^aHn^ 

A titania coaling solution was prepared by adding 0.1 part by weighted 36% hyoVochlcfic acid as a rrydr^ 



15 



EP0816 466A1 



Itor to a mixture of 1 part by weight of tetraethoxylitaniijm TKOCgHsk (Merck) and 9 parts by weight of ethanol. The 
solution was then applied to the surtaceof aplurafity of quartz glass plates of 10cm square tn size by the flow cxw^ 
method in dry air. The amount of coatmg was 45)10/^ in terms of tttanta. 

The glass plates were then held at a temperature of about 150°C for 1-10 minutes to subject tetraethoxytHanium to 
hydrolysis and dehydration polymerization whereby a coating olarn^ 
glass plate. 

These specimens were then calcined at temperatures of 650°C and 800*C, respectively, to subject amorphous tita- 
nia to crystallization. Upon inspection by the powder X-fay diffraction method.it was found that the crystal form of the 
specimen calcined at 650°C was of the anatase form whfle the crystal form of the specimen calcined at 800°C was of 
the futile form. 

Ate keeping the thus obtained specimens in thedarkfor a week, they were subjected to irradiation by a UV light 
tor 2 days at the UV intensity of 0.3 mW/cm 2 by a BUB fluorescent lamp. After UV irradiation, the contact angle was 
measured. The contact angle with water of the surface was 0° throughmit aO the sped 

It will be understood from the foregoing that a surface can be maintained highly hydrophific not only in the case that 
the photocatalyst is the anatase form of tHania but also in fee case trrt 

trusreason.it seems that tte 
as the photocatalytic redox reaction. 



Example 12 

Antifoaoino Glass - Transmittal^ Tfffrf 



In a manner similar to Exanple 1, a thin «^ 
glass plate of 10cm square in size and men a thin f im erf arrwro^ The glass plate was 

^^ed at a temperature of 5<>0^ The specimen 

^^^^I^^ K^fD* in U->e cfarK: tot- several ctey^ Tl-«n t*io specirTYeri was placed in a ciesiocator in terrK>erature 
S^ilw^^ m nun * c ' i W housing a BLB fluorescent lamp and was subjected to irradiation by a UV light for one day at 
the UV intensity of 0.5 mW/cm 2 to obtain #1 specimen. The contact angle with water of the #1 specimen as measured 
was o. 

60 C and transmrttance was measured IS seconds later. The transmittance as measured was divided by the initial 
transmrttarK* to calculate a ch^ 

m a manna-simaar to Example 7. the surface of a glass plate was coatedby the anatase form of titania to obtain 

S^^'^J^T^T *^J? aCed V * le deskxaior *«8 subjected to irradiation by a UV light at the UV 
intensity of 0.5 mW/cm* until the contact angle with water became equal to 3*. 

The i#2 specimen was then placed in a dark place. Tl» #2 spedmen was talon otf^ 

Tl^!^ 7* Contect 80818 w " I" addition, the #2 specimen was first placed 

each time in the desiccator (24"C in temperature and 45-50% m humidity) until the temperature was equalized where- 
upon, in a manner similar to the #1 specimen, the #2 specimen was promptly placed above the warm bath held at 60*C 
and the transmittance was measured 1 5 seconds later to derive a change in transmrttance caused by a fog formed bv 
condensation of steam. 

..-.J^**? PUrpOSeS °* comparison ' **> 0001301 a^S' 8 ««s measured with respect to commerciaty mar- 

keted flat glass, acrylic resin plate. poryvirryWiloride (PCV) plate and polycarbonate (PC) plate, respectively In addition 
ea^thew^erials was placed in the desk»ator 

promptly placed above the warm bath held at 60°C, the transmittance being similarly measured 15 seconds later 
wher^achangeintrarKmittanc^ 
The results are shown in Table 2. 
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Table 2 



Specimen 


Contact Angle with 
Water (°) 


Change in Tiansmittance 
(%) 


#1 


0 


100 


#2(3hrslater) 


5.0 


100 


#2(6hrslater) 


7.7 


100 


#2 (8 hrs later) 


&2 


100 


#2(24hrslater) 


17-8 


89.8 


#2 (48 his later) 


21.0 


88.5 


#2 (72 hrs later) 


27.9 


87.0 


Rat Glass 


40.6 


45.5 


Acrylic Resin Plate 


64£ 


60.6 


PVC Plate 


75.3 


44.7 


PC Plate 


86.0 


49.0 



As win be apparent from Table above, it was confirmed that an extremely high antrfogging capability could be 
achieved if the contact angle with water was not greater than 10°. 

Example 13 

Prurtccatarvst-Containino Silicone Coating 

This Example is related to the discovery that a coaling of a certain high molecular weight conpound and containing 
a photccatalyst is rendered highly hydrophilic when subjected to irradiation byaUV light 

As substrates, aluminum plates of 10cm square in size were used. Each of the substrates was first coated with a 
silicone layer to smooth the surface. To this end, a first component "A" (silica sol) and a second cornponertt "B" (trimeth- 
axymethylsilane) of the coating ccfiposrbon Xaiaska" marketed by Japan Synthetic Rubber Co. (Tokyo) were mixed with 
each other in such a manner that the ratio by weight of silica to trimethcxymetriytsilane was equal to 3. The resultant 
coating mixture was applied on the aluminum substrates and was subjected to curing at a temperature of 150°C to 
obtain a plurality of aluminum substrates (#1 specimens) each coated with a base coating of silicone of 3 |un in thick- 
ness. 

Then, the #1 specimens were coated with a high-molecular-weight coating composition containing a photocatalyst 
In order to prevent a fflm forming element of the coating composition from being degraded by prrotcoxidation action of 
the photocatalyst silicone was selected as the film forming element 

More specifically, a sol of the anatase form of titania (Nissan Chemical Ind. TA-15) and the ftst component "A" (sil- 
ica so*) of the above-mentioned "Glaska" were admixed. After dilution by ethanol. the above-mentioned second compo- 
nent "B" of "Glaska" was further added thereto to prepare a titania containing coating cornpositioa The coating 
composition was comprised of 3 parts by weight of silica, 1 part by weight of trimetrwxymetriylsflai^ 
weight of titania. 

The coating cc<nposition was applied onto the surface of the #1 specimen and was cured at a temperature of 150°C 
to obtain #2 specimen coated with a top coaling wherein pailides of the anatose form 
out a coating film of silicone 

Then the #2 specimen was subjected to irracSatfon a UV ligW for 5 days at the W 
using a BLB fluorescent lamp to obtain #3 specimen. Wien the contact angle with water of the surface of this specimen 
was measured by the contact angle meter (made by ERMA). surprisingly the reading of the contact angle meter was 
less than 3°. 

The contact angle of the #2 specimen measured prior to UV irradiation was 70°. The corrtact angle of the #1 spec- 
imen as measured was 90°. Then, the #1 specimen was subjected further to irradiation by a UV light for 5 days under 
the same condition as the #2 specimen and the contact angle thereof was measured, the contact angle as measured 
being 85°. 
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fianthe foregoing, it has been rJscovered that notwithstanding the fact that silicone inherently is substantially 
Example 14 

Raman Spectroscopic Analysis 

By using a mercury lamp, the #2 specimen of Example 13 was subjected to inacfiation bv a UV liarrt fcy !> h™** =♦ 
the UV Wensity of 22.8 mW/cm* to obtain #4 spec^Tne #2 specimen prior toW^^^^S 1^ 
^TJ?V V . !radiati0n »° Raman spectroscopic analyX For tne^S " ^SSTTSI 

fight was Radiated upon the #1 specimen under the same conditions and the specimen waTsXctedtofemtn'^c- 

^^fT^Z^^T^ ^ ' M60n - ^^^^'nthegraphofFra.s.ln^ 
B^ifbtJ^^ 

H^S^f 9raph * F,a 6 * ln * e Raman 8 P eetnjm 01 «» *2 specimeaadoinlfjart peak is rioted at the 
eru^ 2910cm-i corresponding to the symmetrical stretching of the f>H bond of the sp^ hEwW^alZt 

sp ^o^ltcantrweforebecondudedthatlheC-Hbon^ 

i—Jl ^ spedrum of the #4 specimen, no peak is found at the wavenumbers 2910cm- 1 and 2970cm" 1 
S2 SJl^Sol^SiS^S^" B °««««*«* thai, in the #4 specimen, there is no C-l7bond but, instead. 

in contrast in the Raman spectrum of the #1 specimen, a dominant peak at the wavenumber 2910cm- 1 corre- 
spending to the symmetrical stretching of the C-H bond of the so 3 hybrid orbte? as well asa^Jfenh oeak aTJie 
n^29 = i JCO rres PW «^ to the inverted symmetrical stretdVng of the O^SSSVSSSZ 

a . nT[^ t ^T n9 ' * * "^flf 1 thal ^^ewr^corriaireaphotocatalyst is subjected to irradiation by 
t^i "« ar «flW bonded to the sificon atoms of the silicone molecules as represented by the^Sb? 

mula (1) below are substituted wfth the hydroxy) groups under the action of the r;r»tc<*taiy^^ 
wone is formed at the surface as shown by the formula (2). «*™«yww»TOtaaenyativeof al- 

* R R 

I I I 

- o - Si - 0 - Si - 0- Si - o - {1) 

0 0 o 

1 I i 

where R represents afkyl or aryl group. 



OH OH OH 

I l l 

O-Si-O-Si-O-Si-0 

A A A 
i i i 



(2) 
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Example 15 

Antifoooino Plastic Plate - Antifoaaino Coatino of Phofax^lvst-Containing Silicone 

The surface ola plastic substrate was first coated degraded 
by the photocatalyst 

To this end. a coating solution was prepared in a manner similar to Example 13 by admixing the first and second 
components "A* and "B" of the above-mentioned Xalaska" of Japan Synthetic Rubber Co. such that the ratio by weight 
of silica to trimethoxynrtethylsUane was equal to 3. The coating solution was applied on the surface off lOcm-square 
acrylic resin plates and was then cured at a temperature of 100 # C to obtain a plurafity of acrylic resin plates (#1 speci- 
mens) each coated with a base coating of silicone of 5 tun in thictaess. 

Next a sol of the anatase form of titania (Nissan Chemical Ind., TA*1 5) and the first component "A" off the above- 
mentioned "Glaska" were admixed and, after diluted by ethanot the second component "B" off "Glaska" was added 
thereto to prepare tour kinds of coating solutions having different compositions. The compositions of these coating solu- 
tions were such that the ratio by weight of titarua to the sum erf titarua plus silica pk^ 
to 5%, 10%. 50%. and 80%. respectively. 

These coating solutions were applied, respectively, onto the surface of the acrylic resin plates coated with the sili- 
cone layer and were cured at a tenperatw^ 

partidesof the anatase form of titania were dispersed throughout a coating fta of sflicona 

Then the #1-#5 specimens were subject 
hours at the UV intensity of 0.5 mW/cm 2 and the contact angle with water of the surface of mese specimens was meas- 
ured by the contact angle meter (made by ERMA) at different time points to see the variation in response to time of the 
contact angle. The results are shown in the graph of FIG. 7. 

As will be understood from the graph of FIG. 7, in the#1 specimen which was not provided with the tHania-contain- 
ing coating, no appreciable change in the contact angle with water was resulted by UV irradiation. 

In contrast in the #2-#5 specimens provided with the trtania-containing top coating, it will be noted that upon UV 
irradiation the surface was rendered hydrophilic to the degree that the contact angle with water became less than 10 # . 

In particular, it wai be understood that, in the #3-#5 specimens wherein the titania content was greater than 10% by 
weight the contact angle with water became less than 3 # . 

Furthermore, it will be noted that in the #4 and #5 specimens having the titania content of 50% by weight and 80% 
by weight respectively, the contact angle with water became less than 3* within short time of UV irradiation. 

When a blow of breath was blown upon the #4 specimen, no formation of fog was observed. After keepirg the #4 
specimen in the dark for 2 weeks, the contact angle with water was measured by the contact angle meter (CA-X1 50) 
and was found to be less than 3°. 

Example 16 

Peng! Scratch Tret 

Pencil scratch test was conducted to ascertain the abrasion resistance of the tHania-containing top coating. 

In a manner similar to Example 15, a plurality of 10cm-square acrylic resin plates were first coated with a base 
coating c* silicone of 5 Jim in thickness and were then coated with atop coating having varying trtania comerit The tita- 
nia content of the top coating was 50% by weight 60% by weigffit ajid 90% by weight respectively. 

According to the method H8602 of the Japanese Industrial Standard (JIS). the surface off the specimens was 
scratched by various pencil leads to find a hardest pencil lead by which the top coating was peeled off. A similar test 
was also conducted for a specimen which was coated only with the base coating. The results are shown in the araoh 
of FIG. 8. 

The top coating having the tftar^ lead of hardness 5B, but the 

top coating having the titania content of 60% by weight was able to withstand a pencil lead of hardness H and showed 
an adequate abrasion resistance. Obviously, the abrasion resistance of the top coating increases with decreasing tita- 
nia content 

Example 17 

Effect of (frajjnq ThM<ness 

In a manner similar to Example 13, 10cm-square aluminum plates were first coated with a base coating of silicone 
of Sum in thickness and were then coated with an anatasecontaining top coating of varying thickness to obtain a plu- 
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ralityof specimens. Thethictaiess of the top coaling of the #1 specimen was 0.003 jim. the thickness of the top coating 
of the #2 specimen being 0.1 um, the thickness of the top coating of the #3 specimen being 0.2 jim, the thickness of 
the top coating of the #4 specimen being 0.6 jun, and the tNckness of the top coating of the #5 specimen bei 

While subjecting the respective specimens to irradiation by a LTV light at the UV intensity of 0.5 mW/cm 2 by using 
a BLB fluorescent lamp, the variation in response to time of the contact angle with water of the surface of the specimens 
was measured by the contact angle meter (made by ERMA). The results are shown in the p/cph of FIG. 9. 

As wiD be apparent from the graph of FIG. 9, regardless of tte thickness of the coati^ surface of the respective 
specimens was rendered highly hydrophiiic within 50 hours of UV irradiation to the degree that the contact angle with 
water became less than 3*. It will be noted in particular that even with the trtamaKX)ntaimng top coating of the thickness 
of less than 0.2 pm, a sufficient photocatalytic activity was achieved to the degree that the top coating surface was ren- 
dered highly hydrophiGc. bi this regard. H is known that a transparent layer is colored due to interference of light when 
the thickness of the layer exceeds 0.2 urn. This Example illustrates that by Smiting the thickness of the top coating to 
0.2 jim or less, the surface of the top coating can be made highly hydrophiiic while preventing coloring thereof due to 
interference of light 

Next the #1 -#5 specimens were tested for the capability thereof to photodecorrpose methyl mercaptaa The spec- 
imens were placed, respectively, in a desiccator of 1 1 liters in volume made of UV permeable quartz glass and nitrogen 
gas containing methyl mercaptan was introduced therein in such a manner that the methyl mercaptan concentration 
equaled 3 ppra A 4W BLB fluorescent lamp was placed within the desiccator at a distance of 8 cm from the respective 
specimens to irradiate the specimens at the UV Intensity of 0.3 mW/cm 2 . By sampling gas in the desiccator 30 minutes 
later, the methyl mercaptan concentration was measured by gas chromatography and the removal rate of methyl mer 
captan was calculated. The results are shown in the graph of FIG. 10. 

The g raph of FIG. 10 indicates that the protodecomposition capability of the photocatalytic coating vis-a-vis methyl 
mercaptan increases with increasing coating thickness. In contrast to the finding that the phenomerK>n of photocatalytic 
superhycfrophiirrcation is not affected by the coating thickness as described hereinbefore with reference to the graph of 
FIG. 9. it is found that the photocatalytic photodecomposition capability is dearly affected by the thickness. Therefore, 
it seems that the photocatalytic superhydroprtflrfication process is not necessarily identical with the photocatalytic redox 
process known hitherto in the field of photocatalyst 

Example 18 

Highly Hydrophific Photocatalytic Coating of Titania-ConteininQ Silicone 

In a manner similar to Example 1 3, a 10cm-square akiminum plate was f irst coated with a base coatirxj of silicone 
of 5 jim in thickness. 

Then, a sol of the anatase form of tetania (Nissan Chemical hxt, TA-15) and the second component "B" (trimeth- 
oxymethytsilane) of the above-mentioned "Gteska" were admixed with each other and the mixture was diluted by etha- 
nol to prepare a coating composition containing tftania. The ratio by weight of trimethoxymetriylsilane to titania was 
equal to 1. 

The coating composition was applied onto the surface of the aluminum plate and was cured at a temperature of 
150*C to form a top coating wherein particles of the anatase form of titarua were dispersed t 
silicone. The thickness of the coating was 0. 1 Jim. 

Then the spedmen was subjected to irra^ 
a BLB fluorescent lamp. When the contact angle with water of the surface of this specimen was measured by the con- 
tact angle meter (CA-X150), the reading of contact angle was 0\ 

The specimen was kept in the dark for 3 weeks and the contact angle with water was measured each week The 
measured contact angle is shown in Table 3. 



Table 3 



immed. after irradiation 


1 week later 


2 weeks later 


3 weeks later 


0* 


2° 


1* 


3* 



As will be understood from Table 3, once the surface has been superhydrophflified, superhydrophnicity will be sus- 
tained for a substantially long time period even in the absence of ptotoexcrtatioa 
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Example 19 

Antibacterial Enhancer - A o-Added Photecatelyst 

In a manner similar to Example 1, a thin film of amorphous silica and a thin film of amorphous titania were formed 
in sequence on the surface of a 10cm-square soda-lime glass plate and the glass piate was then calcined at a tenper- 
ature of 500°C to transform amorphous titania into meanataseformtrtanfawtiereby #1 specimen was obtained. 

Then an aqueous solution containing 1 weight percent of silver lactate was applied onto the surface of the #1 spec- 
imen and the specimen was subjected to irradiation by a UV light for one minute by operating a 20W BLB fluorescent 
lamp positioned at a distance of 20 cm from the specimen whereby #2 specimen was obtained. Upon UV irradiation, 
silver lactate underwent photoreducfion to form saver deposit and me surface 

under the photocatalytic action of titania The #1 specimen was also subjected to UV irradiation under the same condi- 
tions. 

When the contact angle with water of the #1 and #2 specimens was measured by the contact angle meter (made 
by ERMA), the contact angle in both specimens was less than 3*. When a blow of breath was blown upon' these spec- 
imens, no formation of fog was observed. For the purposes of comparison tte 
tested and it was found that the contact angle wim water was 50° and a fog w^ 

Then, the #1 and #2 specimens as well as the soda-lime glass plate as such were tested for antfoa^ 
A liquid cutture prepared by shake cultivating colibacillus (Escherichia coii W3110 stock) for a night was subjected to 
cerrtrHugal washing and was diluted with sterilized cfistflled water by 1 0.000 times to prepare a bacteria containing liq- 
uid. 0.15 ml of the bacteria containing liquid (equivalent to 10000-50000 GFU) was dripped on three slide glasses which 
were then brought into intimate contact with the #1 and #2 specimens and the soda-lime glass plate, respectively, which 
had previously been sterifized by 70% ethanoL These specimens and plate were then subjected to irradiation of a light 
of a white fluor escent lamp from in frort <rf trie slide glasses for 30 rri 

bacteria containing liquid of respective specimens was wiped by a sterilized gauze and was recovered in 10 ml of phys- 
iological saline and the liquid thus recovered was applied for inoculation on a nutrient agar plate for culture at 37°C for 
a day. Thereafter, the colonies of coBbacillus formed on the culture was counted to calculate the survival rate of coliba- 
cillus. The result was that in the #1 specimen and the soda-lime glass plate me survival rate of cofibacOlus was greater 
than 70%. but the survival rate was less than 10% in the #2 specimen. 

This experiment demonstrates that when the photocatalyst is doped by Ag, the surface of the substrate is not only 
rendered highly rrydrophilic but also is made to exhibit antibacterial function. 

Example 20 

Antibacterial Enhancer - Cu-Added Photocatatyrf 

In a manner similar to Example 1 . a thin film of arnorphous silica was formed, respectively, on the surface of 1 0cm- 
square soda-Time glass plates to obtain a plurality of #1 specimens. 

Then, similar to Example 1, a thin film of amorphous titania was formed on the surface of the #1 specimen which 
was then cakxhed at a temperatore of 5C»^ 

anol solution containing 1 weight percem of copper acetate was appfied by sd^ 

imen and, after drying, the specimen was subjected to irradiation by a UV light for one minute by a 20 W BLB fluorescent 
lanrip positioned at a cSstance of 20 cm fr^ deposi- 
tion to obtain #2 spedmen wherein crystals of ft 
presented an adequate Tight transmittance. 

A soda-lime glass plate as well as the #2 specimen arri the #1 specimen (wta^ 
fabrication were tested for amifogging capability and the contact arxjle wrth water measured. The antrfoggjng test was 
done by blowing a blow of breath upon the spedmen to produce a fog on the specimen surface and by inspecting the 
presence and absence of particles of moisture condensate by a microscope. The contact angle was measured by the 
contact angle meter (made by ERMA). The results are shown in Table 4. 
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Table 4 



Immediately After Preparation of Specimen 




Contact Angle with 
Water (•) 


Antifogging Property 


#2 Specimen 


10 


no fog 


#1 Specimen 


9 


no fog 


Soda-Lime Glass 


50 


fogged 



Further, after being subjected to irradia&mbyaUVOgWforarr^ 
is fluorescent lamp, the #2 and #1 specimens and the soda-lime glass plate were tested in a similar manner for antjfoo- 
ging capabffity and contact angle. The results are shown in Table 5. 
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Table 5 



After 1 Month of UV Irradiation 




Contact Angle with 
V\feter« 


Antifogging Property 


#2 Specimen 


3 


no fog 


#1 Specimen 


49 


fogged 


Soda-Lime Glass 


53 


fogged 



J!**?' 3 #1 specimens if ™«ediately after preparation and the soda-lime glass plate were tested far an* 
bactenal capabilrty m a manner simflar to Example 1 9. The result was that in the soda-lime glass plate a^m^- 

.. y HZ a nd #1 specimens immediately after preparation and the soda-lime glass plate were testedtor deo- 
ctonang performance. The specimens were placed, respectively, in a desiccator of 11 liters m volume made ofUVoer- 
m ^W0assandrw^ 
metrvlmercaptocorK^^ 

tance of 8 cm from the respective specimens to inaolatetrw specimens ai trie UVmtensir^ 
gas in the desiccator 30 minutes later, the methyl mercaptoconceritratonwasirwasuredb^ 
M *f T^?* * merca P ,an calculated. With the #1 speci men and the soda-lime glass plaf* ttewwwal 

that a good deodorizing performance was achieved. w 
Example 21 

45 Antibacterial Enhancer - flit- Added Phntoeatalvst 

_ J*"!?* and ***** «mPonents "A" (silica sol) and "B" (trimeth<Kyrnethylsilane) of "GHasha" of Japan Synthetic 
Rubber Co. were adrrwed such that the ratio by weight of silica to trin 1 etrKromielhy1silane was equal toTa^ tCS 

"^"JL* 1 ° Cm ^ quare **** resin «*«*■ by curing at a tenperature SSto 

obtain an acrylic resin plate coated with a base coatir^cjfsflicorecf 3^m in tt»ckness 

Then, a sol «^ anatase form <>f ttania CTA-15) 
T^^JH^^' f"* ^ firet "A" (sifica sol) of -Glasta" tr^etojL mixture^ 

^Z^t^ *° 86C0nd com P° nert " B " <* "Gkska" was further added to prepare a tita^-c^nWcoaJ 
^oorrposjton. The coating composition was comprised of 3 parts by weight of siScaTT pan^^nTSn^ 
oxyTTOtfr^ 4r ^ by weigWrtf^ 

lon^^^^^V? 8 ^ ,6d 0010 °* aCfyfic resin Plate and was cured at a temperature of 

Tn ^.^T SpeC, . men W3S ******* to i"^diat>on by a UV light for 5 days at the UV ntensrty 

of 0.5 mW/cirKbyusir^aBl^flucfescertlarTptoobtain*! specimen. 



so 
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The #1 specimen and the acryiic resin plate were investigated for antifogging capability, contact angle with water, 
antibacterial performance and deodorizing function, in a manner similar to Example 20. In the acryfic resin plate, the 
contact angle with water was 70° and a fog was fcrnied as a biowc^ breath was bkMm upon. In the #1 specimen, how- 
ever, the contact angle with water was 3-9° and formation of fog did not occur. With regard to antibacterial property, in 
5 the acrylic resin plate the survival rate of colfcacillus was greater than 70%. whereas the survival rate was less than 
10% in the #1 specimen. Regarding the cteatorizing property, while the removal rate of methyl mercaptan by the acrylic 
resin plate was less than 1 0%. the removal rate by the #1 specimen was more than 90% 

Example 22 

JO 

p^ntrvRftrta* Activity Enhancer - Pt-Added Photooatarvst 

In a manner similar to Example 1, a thin fDm of amorphous silica and then a thin f im of amorphous titania were 
formed on the surface of a 10crn-square soda-time glass plate and the glass plate was then calcined at a temperature 
is of 500 # C to transform amorphous titania into the anatase form titania. 

Then, 1 ml of aqueous solution of chloroptatinic acid 6-hydrate H 2 PtQ 6 «6H^O containing 0.1 weight percent of 
platinum was applied onto the specimen which 

intensity of 0.5 mW/cm 2 by a BLB fluorescent lamp to thereby form deposit of platinum by photoreduction of chloropla- 
tinic acid hexahydrate to obtain a specimen wherein crystals of titania were doped with platinum. 
20 The specimen thus obtained was left as such for a day and was thereafter subjected to irradiation by a UV light for 
a day at the UV intensity of 0.5 mW/cm 2 by using a BLB fluorescent lamp. The contact angle measured after UV irracS- 
atfon was 0°. Furthermore, the removal rate of methyl mercaptan as measured and calculated in a manner similar to 
Example 20 was 98% 

ss Example 23 

$etf-qeaninq and Ahffouljhq Capacity 

The #2 specimen of Example 13 was subjected to irradiation by a UV light for 10 hours at the UV intensity of 0.5 
so mW/crn 2 by using a BLB fluorescent lamp to obtain #3 specimen. When the contact angle with water of the surface of 
this specimen was measured by the contact angle meter (made by ERMA). the reading of the contact angle meter was 
less than 3*. 

An outdoor accelerated fouling test apparatus as shown in FIGS. 11A and 11B was installed atop of a building 
located in Chigasaki City. Referring to FIGS. 1 1 A and 1 1B, this apparatus includes an inclined specimen mounting sur- 
as face 22 supported by a frame 20 and adapted to affix specimens 24 thereto A forwardly slanted roof 26 is fixed at the 
top of the frame. The roof is made of corrugated plastic sheet and is designed to permit collected rain water to flow 
down in a striped pattern along the surface of the specimens 24 affixed on the specimen mounting surface 22. 

The #3 specimens, the #1 specimens of Example 13. and the #2 specimens of Example 13 were mounted to the 
specimen mounting surface 22 of the apparatus and were exposed to the weather conditions for 9 days starting from 
40 June 12. 1 995. The weather and the amount of rain faQ during this period were as shown in Table 6. 



Table 6 



Date 


Weather 


Rainfall (mm) 


Shining Hours 


June 12 


cloudy 


0.0 


0 


June 13 


heavy rain 


53.0 


0 


June 14 


cloudy/rain 


20.5 


0 


June 15 


ctoudy/fair 


0.0 


3.9 


June 16 


cloudy 


0.0 


0.2 


June 17 


fair/cloudy 


0.0 


9.6 


June 18 


fair to cloudy 


0.0 


7.0 


June 19 


rain to cloudy 


1.0 


0.2 


June 20 


cty/heavy rain 


56.0 


2.4 



23 



EP0B16466A1 



When inspected on June 14. dirt or smudge of a striped pattern was observed specimen. 
Presum^y, this is because during heavy rainfall on the 
conrt>ustionpraiuctsnkBcartx^ 

surface as rain water flowed down along the surface. In contrast no dirt or smudge was observed in the #3 specimen. 
Befievably. this is because, since the specimen surface was rendered highly hydrophi'Gc the hydrophobic contaminants 
were unable to adhere onto the surface as rain water containing contaminants flowed down and further because the 
contaminants were washed away by rainfall. 

In the #2 specimen, dirt or smudge of a mottled pattern was observed Thte is probably because, after the #2 spec- 
imen which had not been subjected to UV irradiation was mounted to the testing apparatus, the photocataiytic coating 
thereof was not yet exposed to UV light in the sunlight to a satisfactory degree so that the surface was unevenly 
hydrophifified. 

Wh en inspected on June 20. a smudge of a vertically striped pattern was rem^ 
#1 specimen which was not provided with the photocatarytic coating. Conversely, no smudge was observed on the #3 
and #2 specimens provided with the photoc a taiytic coating. 

The contact angle with water as measured was 70° for the #1 specimen and was less than 3° for the #2 and #3 
spedrnena The fact that the contact angle of the #2 specimen became less than 3° demonstrates that upon iriBcSatiwi 
by UV Gght contained in the sunlight, the organic groups bonded to the silicon atoms of the silicone molecules of the top 
coating were substituted with hydroxyl groups under the photocataiytic action so that the top coating was rendered 
highly hydrophflic. It was ateo noted that in the #3 specimen a high degree of hydrophilicity was sustained by irradiation 
of the sunlight. 

Example 24 

CQky piffygnp^ Test 

Prior to and 1 month after mounting to the outdoor accelerated fouling test apparatus, the #1 and #2 specimens of 
Example 23 were tested by a color difference meter (Tokyo Denshoku) to measure a color difference, m compliance 
with the Japanese Industrial Standard (JIS) H0201. the color difference was indicated by the AE* index. The variation 
in the color difference after mounting to the accelerated fouling test apparatus is shown in Tffcle 7. 



Table 7 





Striped Area 


Background 


#1 Specimen 


4.1 


1.1 


#2 Specimen 


0.8 


0.5 



As will be noted from Table 7. in the #1 specimen void of the photocatarytic coating, a large amount of smudge was 
caused to adhere to the vertical striped area conresponding to 

imen provided with the photocataiytic coating. It will also be recognized that, between the #2 and #1 specimens there 
was a substantial cfifference in the degree of fouling of the background area. 

Example 25 



Cleansing Capability for Ofl Stains 



A quantity of oleic acid was applied on the surface of the #1 and #3 specimens of Exarrple 23, respectively and 
the specimens were then immereed in water « | ntfle 
#1 specimen, oleic acid remained adhered to the specimen surface In contrast, in the #3 specimen, oleic acid became 
rounded to form oil droplets which were then released from the surface of the specimen to rise to tte 

In this manner, it was confirmed that, in the case that the surface of a substrate was coated with a photocataiytic 
top coating, the surface was maintained hydrophilic so that, when soaked in water, oily stains were readily released 
away from the surface whereby the surface was cleansed. 

THis Example illustrates that a tableware, for instance, fouled by ofl or fat can be readily cleansed only by soaking 
it m water without recourse to a detergent provided that the surface thereof is provided with a photocataiytic coatina 
and if thephotocatafyst is photoexcited by UV irradiation. 
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Example 26 

Drvina of Water Wet Surface 

The surface of the #1 and #3 specimens of Example 23 were wetted with water and the specimens were left out- 
doors on a fair day to subject them to natural drying. The ambient temperature was about 25°C. As the #1 specimen 
was inspected 30 minutes later, water droplets still remained on the surface. In contrast It was found that the surface 
of the #3 specimen was completely dried. 

ft is considered that in the #3 specimen provided with the photocataJytic coating, the adherent water droplets were 
caused to spread into a uniform fdm of water and for this reason drying was accelerated. 

This Example illustrates the posstoflrty that an eyeglass tens or automotive windshield wetted with water may be 
promptly dried 

Example 27 

Tile with HiQhlv Hvdrwhflic Surface - Coating of Sintered Tetania and Silica 

A sol of the anatase form of tetania (Ishftara Industries of Osaka, STS-11) and a sol of colloidal silica (Nissan 
Chemical Ind., "Snowtex O") were admixed at a ratio by mol of 88:12 in terms of solid matter and the mixture was 
applied by spray coating on the surface of a glazed tile (Toto Ltd.. AB02E01) of 15cm square in size, followed by sinter- 
ing for 1 hour at a temperature of 800*C to obtain a specimen covered by a coating comprised of titania and silica. The 
thickness of the coating was 0.3 \im. The contact angle with water immediately after sintering was 5°. 

The specimen was kept in the dark for a week but the contact angle measured thereafter was still 5°. 

As the spedmen surface was subject 
using a BLB fluorescent lamp, the contact angle with water became 0°. 

Example 28 

Coatinq of Sintered Trtaoia and Silica - Hvdrophirrfication u nder Room Light 

A sol of the anatase form of titania (STS-1 1) and a sol of colloidal silica (Nissan Chemical bid. . "Snowtex 20") were 
admixed at a ratio by mol of 8020 in terms of sofid matter a/xl trie mixture was appBed 

of a IScnvsquare glazed tile (AB02E01). followed by sintering for 1 hour at a temperature of 800°C to obtain a speci- 
men covered by a coating comprised of titania and silica. The thickness of the coating was 0.3 pm. The contact angle 
with water immediately after sintering was 5°. 

The contact angle with water as measured after keeping the specimen in the dark for 2 weeks was U\ 
As the specimen surface was subjected to irradiation by a UV light for 1 day at the UV intensity of 0.004 mW/cm 2 
by a white fluorescent lamp, the contact angle with water became 4°. 

Accordingly, it was found that the photocatalytic coating was rendered hydrcphilic to a satisfactory degree even 
under indoor illumination. 

Example 29 

Coating of Sintered Trtania and Silica - Silica Content 

A sol of the anatase form of titania (STS-1 1 ) and a sol of colloidal silica (tfssan Chemical Ind. , "Snowtex 20") were 
admixed at a varying ratio to obtain a plurality of suspensions having a ratio by mol of silica to the solid matter of the 
suspension of 0%. 5%, 10%, 15%, 20%, 25% and 30%, respectively. 0.08g of each suspension was uniformly applied 
by spray coating on the surface of a 15cm-square glazed tile (AB02E01) and each tile was fired for 1 hour ei a t^^ 
ature of 800°C to obtain a plurality of specimens each covered by a coating comprised of titania and silica. 

The contact angle with water immediately after sintering of the respective sp^^ 
Fia 1 2. As will be apparent from the graph of FIG. 12, the initial contact angle was lowered by addition of silica 

The contact angle wHh water as measured after keeping the specimen in the dark for 8 days was plotted in the 
graph of FIG. 13. As will be noted by cornparing the graph of FIG. 12 with the graph of FIG. 13, the loss of hydrophificity 
resulting from keeping the specimens in the dark is small in the specimens containing more than 10%, in the ratio by 
mol, of silica 

Thereafter, the specimens were subjected to irradiation by a UV light for 2 days at the UV intensity of 0.03 mW/cm 2 
by using a BLB fluorescent lamp. The contact angle with water after irradiation is shown in the graph of FIG. 14. It will 
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be noted from the graph that upon UV irracSation hydrophiTicity fe readBy recovered In the case where silica is added to 
titania. 

Then the specimens were kept in the dark for further 8 days and the contact angle with water was measured The 
results are shown in FIG. 15. H will be noted from the graph that the loss of hydraphilicity resulting from keeping the 
specimens in the dark after UV irradiation is small in the case where silica is added to titania. 

A pencil scratch test was carried out to examine the abrasion resistance of the sintered fOm comprised of titania 
and silica. The results are shown in the graph of FIG. 1 & It will be understood that the abrasion resistivity is increased 
with increasing siOca content 

Example 30 

Sludge Test 

A mixture of a sol of the anatase form of titania (STS-1 1) and a sol of colloidal silica (Snowtex 20) and having a 
silica content of 10% by weight in terms of solid matter was applied to a 15cm-equare glazed tile (AB02E01) in an 
amount of 4.5 mg in terms of solid matter and the tile was then calcined for 10 minutes at a temperature of 880'C. The 
specimen was then subjected to irradiation by a UV light for 3 

fluorescent lamp to obtain #1 specimen. The contact angle with water of the #1 specimen and the glazed tile (AB02E01) 
as such was 0° and 30°, respectively. 

A mixture of powders of 64.3% by weight of yellow ochre, 21.4% by weight of calcined Kanto loam day. 4.8% by 
weight of hyo*ophobic carbon black. 4.8% by weight of sifica powder, and 4.7% by weight of hydrophiUc carbon black 
was suspended in water at a concentration of 1.05 g/l to prepare a slurry. 

150 ml of the thus prepared slurry was caused to flow down along the surface of the #1 specimen and the glazed 
toe (AB02E01) held inclined at 45°. followed by drying for 15 minutes, and 150 ml of distilled water was thereafter 
caused to flow down, followed by drying for 15 minutes, the cycle of the above-mentioned sequences being repeated 
for 25 times. A change in color difference and in glossiness after the sludge test was measured. The measurement of 
the glossiness was carried out according to the method laid down by the Japanese Industrial Standard (JIS) Z8741 and 
the variation in the glossiness was obtained by dividing the glossiness after testing by the glossiness before testing. The 
results are given in Table 8. 



Table 8 





#1 Specimen 


Tile(AB02E01) 


Contact Angle (*) 


0 


30 


Color Dtff. Change 


0.7 


5.6 


Glossiness Change 


93.4% 


74.1% 



Example 31 

RelationshiD between Contact Angle wit h Water and Seff-Cleaninq and Antifouling Capability 

various specimens were subjected to a sludge test in a manner similar to Example 30. The tested specimens 
included the #1 specimen of Example 30, #2 specimen having a copper-doped titania coating, the glazed tile 
(AB02E01), an acrylic resin plate, an artificial marble plate (Toto Ltd., ML03) made of polyester resin matrix, andapol- 
ytetraf kioroethytene (PTFE) plate. The #2 specimen was prepared by spray coating 0.3g of an aqueous solution of cop- 
per acetate morwhydrate having a copper concentration of 50 fimol/g on the #1 specimen of Example 30 and. after 
drying, subjecting the specimen to irradiation by a UV light for 10 minutes at the UV intensity of 0.4 mW/cm 2 by a BUB 
fluorescent lamp to thereby subj ect copper acetate monohydrate to photoreduction deposition. The results of the sludge 
test are shown in Table 9. 
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Table 9 



Specimen 


Contact Angle with 
Water (°) 


Cotor Difference Change 


Glossiness Change (%) 


#1 Specimen 


0.0 


0.7 


93.8 


#2 Specimen 


4.0 


2.0 


81.5 


Glazed Tfle 


19.4 


4.6 


68.3 


Acrylic Plate 


50.9 


4.5 


69.3 


Artif. Marble 


54.8 


3.2 


85.2 


PTFE Plate 


105.1 


0.9 


982 



IS 

Furthermore, various specimens were subjected for a period of a month to an accelerated fouling test similar to 
Example 23. The specimens used included the #1 specimen of Example 30, the glazed tile (AB02E01), an acrylic resin 
plate, an aluminum plate covered by a base coating of silicone in a manner similar to Example 13, and a PTFE plate. 
20 The results of the accelerated tests are shown in Table 1 0 wherein, similar to Example 24, the change in the color dif- 
ference represents that of the vertical striped area of the specimens. 



Table 10 



Specimen 


Contact Angle with 
Water (°) 


Color Difference Change 


#1 Specimen 


0.0 


0.9 


Glazed "Hie 


19.4 


1.5 


Acrylic Plate 


50.9 


2.3 


Silicone Coated 


90.0 


42 


PTFE Plate 


105.1 


7.8 



35 

To facilitate understanding, the contact angle with water as well as the variation in the color difference are plotted 
in the graph of FIG. 17. In the graph of FK3L 17, the curve A indicates the relationship between the contact angle with 
water and the color difference change caused by the contaminants such as airborne combustion products like carbon 
black and city grime as a resuft of the accelerated fouling test, with the curve B representing the relationship between 

40 the contact angle with water and the color difference change caused by sludge as a resuft of the sludge test 

Referring to the graph of FIG 17, as the contact angle with water of the substrate increases, the dirt or stain due 
to combustion products and city grime becomes more conspicuous, as will be readily understood from the curve A. This 
is because the contaminants such as combustion products and city grime are generally hydrophobic and, hence, are 
apt to adhere to a hydrophobic surface. 

45 in contrast, the curve B illustrates that the dirt or stain due to sludge peaks when the contact angle with water is in 
the range of 20-50°. This is because the inorganic substances such as loam and sod inherently have a hyrdophilicity on 
the order of 20-50° in terms of the contact angle with water so that they are apt to adhere to a surface having a similar 
hyittophfficity ft wQI therefore be understood that, by rendering the surface hyrdophific to the degree that the contact 
angle with water is less than 20* or, alternatively, by rendering the surface hyrdophobic to the degree that the contact 

so angle with water is greater than 60°, the adherence of the inorganic substances to a surface can be prevented. 

The reason why fouling by sludge is reduced as the contact angte with water is less than 20° is that when the sur- 
face is rendered highly hydrophffic to the degree that the contact angle with water becomes less than 20°, the affinity of 
the surface for water exceeds the affinity for inorganic substances so that adherence of inorganic substances is blocked 
by water which preferentially adheres to the surface and any inorganic substances that have adhered to or are tending 

ss to adhere to the surface are readily washed away by water. 

ft will be noted from the foregoing that in order to prevent both the hydrophobic and hydrophyte substances from 
adhering to the surface of a buikfing and the like, or in order to ensure that dirt or smudge deposited on the surface is 
washed away by rain water so as to permit the surface to 
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a contact angle with water of less than 20°. preferably less than 10°, more preferably less than 5°. 
Example 32 

8 Coating of Sintered Trtania a nd Tin Oxide - Glazed Tile 

A sol of the anatase form of titania (STS-1 1) and a sol of tin oxide (TaW Chemical K.K. of Kakogawa City Hyogo- 
Prefecture; mean crystallite size of 3.5 nm) were admixed at various blending ratio (percent by weight of tin oxide to the 
sum of titania plus tin oxide) shown in Table 11 and the mbdures were applied by sfM 

square glazed tiles (AB02E01), followed by sintering for 10 minutes at a temperature either of 750*C or 800°C to obtain 
#1-#6 specimens. After sintering, the #2, #4. #5 and #6 specimens were furtrterrtx^ with silver by aptf 
an aqueous solution containing 1 weight percent of silver nitrate and by subjecting silver nitrate to prereduction dep- 
osition. In addition, #7-#9 specimens were further prepared by applying onto the glazed tiles only a sol of tin oxide or a 
sol of titania and by sintering. After sintering, the #7 and #9 specimens were further doped with silver. 

Each specimen was kept in the dark for a week arid was thereafter subjected to irr^^ 
at the UV intensity of 0.3 mW/cm 2 by using a BLB fluorescent lan^ whereupon the 
ured. The results are shown in Table 1 1 . 



10 



15 



20 



25 



30 



Table 11 
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SO 



55 



Specimen 


SnQa Ratio (wt%) 


Sintering Temp. (°C) 


Ag 


Contact Angle (•) 


#1 


1 


800 


None 


0 


#2 


5 


800 


Added 


0 


#3 


15 


800 


None 


0 


#4 


15 


750 


Added 


0 


#5 


50 


750 


Added 


0 


#6 


95 


800 


Added 


5 


#7 


100 


750 


Added 


8 


#8 


0 


800 


None 


11 


#9 


0 


800 


Added 


14 



As wfll be apparent from Table 1 1 . in the #8 and #9 specimens which were coated only with titania. the contact 
angle with water exceeded 10°. This is because the alkaline network-modrrier ions such as sodium ions diffused from 
the glaze into the titania coating during sintering whereby the photocatalytic activity of anatase was hindered Incon- 
frastrtwfllbentfedthatmtheri^speamere 

degree s^ by the #7 specimen, tin 
fac» tvdrophil,c in a manner similar to titania Although the reason therefor is not clear, this Example illustrates that the 
effect of diffusion of the alkaline network-modifier ions can be overcome by adding tin oxide to titania. 

« Example 33 

Sintered Titania Coating and DiHurinn P revention I nyer . Glazed Tito 

J«f 'f*^ 8 ™ (marketed by Colcoat, "Ethyl 2BT) was applied by spray coating on the surface of a locrrHXjuare 
!fi^° 1) *ekl at a temperature of about 150«C tor about 20 minutes to sutfecUeSS 

y^etahv^c^andderr^ratto 
of the glazed fete 

mJ^^^^T^!l C ' 1) "** w °° «» ***** o» the tie which was 

then fred for an hour at a temperature of 80O*C. 

The thus obtained specimen, as well as the #8 specimen of Example 32 tested for the purposes of corroarison 
ZSfJXO! ^ « and ^ then subjected to irradiation byaUVfighttorldayattheUV imertafr ofM 
mW/cm 2 by using a BLB fluorescent lamp whereupon the contact angle with water was measured 
In ccrtrasttotiie comact aiigle with water 
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the intervening layer of amorphous silica was hydrcphiffied to the degree that the contact angle with water became I ess 
than 3°. It is therefore considered that the layer of amorphous silica is effective in preventing cfiffusion of the alkaline 
network-modffier ions being present in the glaze layer. 

Example 34 

Amorphous Trtania Calcination Coatino and Diffusion Prevention Lava r - Glazed Tite 

In a manner similar to Example 1, a thin film of amorphous silica and then a thin film of amorphous trtania were 
formed in sequence on the surface of a 15cm-square glazed tile (AB02E01). The tile was then calcined at a temperature 
of 500*C to transform amorphous titania into the anatase form t itania . 

The specimen thus obtained was kept in the dark for several days and was then subjected to irracfiation by a UV 
light fori day at the UV intensity of 0.5 mW/cm 2 by using a BLB fluorescent lamp. The contact angle with water of the 
resultant specimen as measured was 0°. Similar to Example 33, it is considered that the layer of amorphous silica is 
effective in rendering the surface of a tile highly rrydrcphilic. 

Example 35 

Glazed TUe ■ Cteansino Oanahifirv for Oil Stains 

A quantity of oleic acid was applied on the surface of the #1 specimen of Example 30. When the specimen was then 
immersed in water in a cistern with the specimen surface held in a horizontal position, oleic acid became rounded to 
form oil droplets which were then released from the surface of the tile to ascend to the top of the water. 

This Example also illustrates that a surface of pottery, such as tile and tableware, fouled by oil or fat can be readily 
cleansed merery by soaking the object in water or by wetting it with water, provided that the surface thereof is provided 
with a photocatalytic coating and provided that the photocatalyst is photoexcited by UV inrarfation. 

Example 36 

glass - Cleansing Capability far Oil Stains 

In a manner similar to Example 1, a thin film of amorphous silica and then a thin film of amorphous titania were 
formed in sequence on the surface of a 10crn-squaresoda^ime glass plata The glass plate 
ature of 500°C to transform ajnorphous titania into the anatase form titania. 

A quantity of oleic acid was appl ied on the surface of the glass plate. As the glass plate was then immersed in water 
in a cistern with the surface held in a horizontal position, oleic acid became rounded to form oil droplets which were then 
released from the surface of the glass plate and floated. 

Example 37 

Qlass - Sejf-Cleampg and Arrtrfpufing (frpaWty 

The specimen of Example 36 was subjected for a morrlh to an accelerated fouling test simile 
inspected by the eye a month later, no smudge of a vertically striped pattern was observed. 

Example 38 

Glazed Trie - Antibacterial Enhancer (Ap Doping) 

A coating comprised of titania and silica was formed on the surface of a 15crn-square glazed tile (AB02E01) in a 
manner similar to Example 27. 

Then an aqueous solution containing 1 weight percent of silver lactate was applied onto the surface of the tile which 
was then subjected to irradiation by a UV ligtt of a Bl^ fluoresced lanp^ 

tion to form a silver deposit whereby a specimen coated with silver doped titania was obtained. The contact angle with 
water as measured was 0°. 

When the tile was then tested for the antibacterial function in a manner similar to Example 1 9. the survival rate of 
colibacillus was less than 10%. 
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Example 39 

Glazed Tile - Antibacterial En hancer tCu Doping) 

A coating conprised of titania and silica was formed on the surface of a 1 5cm-square glazed tile (AB02E01 ) in a 
manner similar to Example 27. 

. ™" button containing IweigM percent of copper acetate monohydrate was appfled onto the sur- 

^ of tlieWewHch was men subjected to ir^^ 

acetate mornhydrate to photoreduction to fom> a copper deposit whereby a spedrriw 
.was obtained. The contact angle with water as measured was less than 3*. w~ 

»~ J!* ** "? wa ** en tested to 106 an»8Met«tel function in a inanner similar to Exanple 19. the survival rate of col- 
oDacnius was less than 10%. 

Example 40 

Glazed Ttlft - Pretexted™ Arfjyjtv Enters 

A coating comprised of titania and silica was formed on the surface of a 15cm-equare glazed tile f AB02E01) in a 
manner similar to Example 27. v u,;,na 

so Then, the surface of the specimen was doped with platinum in a manner similar to Example 22. The contact anole 
with water as measured was 0°. ^ e 

The removal rate of methyl mercaptan as measured in a manner similar to Example 20 was 98%. 

Example 41 

2S 

Effect Of PTrOtrracHin^ 

^beh^kerJtinmedart<for10days.tr» 
gteedtte(AB()2E01)witrK)uttit^ 
so thecc^or*srK>wni n ^ 



Table 12 
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45 



SO 



UV Wavelength (nm) 


UV Intensity (mW/cm 2 ) 


Photon Density (pho- 
tonfeec/cm 2 ) 


313 


10.6 


1.66 X10 16 


365 


18 


3.31 X10 16 


405 


6 


1.22 X10 16 



The results of measurement were shown in FIGS. 18A-18C wherein the value plotted by white dots represents the 
contort angle wrth water of the #8 specimen of Exanipte 32 ar* tr* value plotted 

angtewithwateroftrteglazedfilewrdchwasi^ «w»es me contact 

lowefJn'J^ 

lT m COfrespondin9 to ** ^Sap energy of the anatase form of titania (La a 
UV Bgrrt having a wavelength longer than 387 nm) was irracfated. v 

a , ixlli^S' 85 Wi " 66 F,GS - 18A and 188 ' 8urface ^ rendered htfrophific "Por. irradiation by 

a UV light having an energy higher than the bandgap energy of anatase. ^ 

^Frorn trw toregoing. it was confirmed that hydrophilif ication of a surface is closely related to photoexcitation of the 

P"Oto-semioonductor. 

Example 42 

Plastic Plate Coated bv Prxtfocataivst^riteininfl «tonnf 

A titania^rrtaining coating composition similar to that of Example 18 was applied on a pdyetr^eneterephthaiate 
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(PET) film (Fuji Xerox, monochromatic PPC film for OHP. JF-001) and was cured at a temperature of 1 10°C to obtain 
#1 specimen coated with titartia-containing silicone. 

Further, an aqueous polyester paint (made by Takamatsu Resin. A-124S) was applied on another PET film (JF- 
001) and was cured at 1 1 0°C to form a primer coating. A titaroa-containing coating composition similar to that of Exam- 
ple 18 was then applied on the primer coating and was cured at a temperature of 1 10°C to obtain #2 specimen. 

Also, a titania-containing coating composition similar to that of Example 1 8 was applied on a polycarbonate (PC) 
plate and was cured at a temperature of 110°C to obtain #3 specimen. 

Furthermore, an aqueous polyester paint (A-1 24S) was applied on another polycarbonate plate, followed by curing 
at a temperature of 110°Cto form a primer coating, and a titania-containing coating composition similar to that of Exam- 
ple 1 8 was thereafter applied thereon followed by curing at a temperature of 1 1 0°C to obtain #4 specimen. 

The #1 -#4 specimens as well as the PET film (JF-001) and polycarbonate plate as such were subjected to irradia- 
tion by a U V light at the UV intensity of 0.6 mW/cm 2 by using a BLB fluorescent lamp and on doing so the variation in 
response to time of the contact angle with water of the specimen surface was measured. The results are shown in Table 



Table 13 



Specimen 


Before Irradiat 


1 day later 


2 days later 


3 days later 


todays later 


#1 


71 • 


44° 


32* 


7° 


2° 


#2 


73° 


35° 


16° 


3° 


2° 


#3 


66° 


55° 


27 » 


9° 


3° 


#4 


65° 


53° 


36° 


18° 


2° 


PET 


70° 


72 # 




73° 


60° 


PC 


90* 


86° 


88° 


87° 


89° 



As wfll be apparent from Table 1 3, the surface of the specimens under question was hydrophilrfied as UV irradiation 
was continued and about 3 days tetter the surface is rendered supertiydrophilic. As described hereinbefore with refer- 
ence to Example 1 4, it Is considered that this is due to toe fact that the organic groups bonded to th^ 
the silicone molecules of the titania-containing silicone layer were substituted with the hydroxy! groups under the pho- 
tocatalytic action caused by photoexcitation. 

As is wen-known, a UV intensity of 0.6 mW/cm 2 is roughly equal to the intensity of the UV Oght contained in the sun- 
light impinging upon the earth's surface. It will be noted, accordingly, that superhydrophilif cation can be achieved simply 
by exposing the trtaiiaKXxrtaining silicone coating to the sunlight 

Example 43 

Weathering Test of Phcrtccatalvst-Containinn Sifimna 

The#1 specimen (aluminum substrate coated with silicone) and the #2 specimen (aluminum substrate coated with 
trtania-corrtairwg silicone) of Example 1 3 were subjected to a weathering test by using a weathering testing machine 
(made by Suga Testing Instruments, Model "WEL-SUN-HC") while irradiating a light from a carbon arc lamp and spray- 
ing rain for 12 minutes per hour and at a temperature of 

retention rate (percentage of the glossiness after testing to the initial glossiness). The results are shown in Table 14. 



Table 14 



Specimen 


500 hrs 


1000 hrs 


3000 hrs 


#1 


91 


95 


90 


#2 


99 


100 


98 



As will be apparent from Table 1 4. the glossiness retention rate remained roughly the same regardless of the 
ence or absence of titania This indicates that the sik^ebc^forrning the main chain of the silicone molecule 
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not broken by the phctocatatytic action of titania. ft is therefore considered that the weather resistivity of sfiicone Is not 
affected even after the organic groups bonded to the silicon atoms of the silicone molecules are substituted with the 
hydroxy! groups. 

While the present invention has been c^scitied herein with reference to trie sp 

5 tempiated that the invention is not limited thereby and various modifications and al terations may be made therein with- 
out departing from the scope of the invention. Furthermore, the present invention may be applied for various purposes 
and fields other than the aforesaid. For example, a superhydrcphiWied surface may be utilized to prevent air bubbles 
from adhering to an underwater surface. AJso, the superhydrophiOfied surface may be used to form and maintain a uni- 
form film of water. Moreover, in view of an excellent affinity for vital tissues and organs, the superhydrophilic photoca t - 

10 aiytic coating may be utilized in the medical fields such as contact lens, artificial organs, catheters, and artti-thrombotic 
materials. 

Claims 

is 1. An antifogging mirror comprising: 

a substrate with a reflective coating; and, 

a substantially transparent layer comprised of a photocatalytic semiconductor material and bonded to the sur- 
face of said substrate; 

20 said photocatalytic material operating upon photoexcitation thereof to render the surface of said layer 

hydrophiGc whereby adherent moisture condensate and/or water droplets are caused to spread ever the sur- 
face of said layer to thereby prevent the substrate from being fogged or blurred with adherent moisture conden- 
sate and/br water droplets. 

25 2. An antifogging mirror according to claim 1 , wherein upon photoexcitation the surface of said layer presents a water- 
wettabifity of less than about 1 0° in terms of the contact angle with water. 

3. An antHbgging mirror according to claim 2, wherein upon photoexcitation the surface of said layer presents a water- 
wettability of less than about 5° in terms of the contact angle with water. 

30 

4. An arrtifoggrng rnirror according to claim 1, wherein said photocatalytic material comprises an oxide selected from 
the group consisting of Ti(^, ZnO. SnO^ SrTiC^, W0 3 , BfcOfc and F^Qs- 

5. An arrtrtogging mirror according to claim 4, wherein said photocatalytic material comprises the anataseform of tita- 
35 rea. 

6. An antifogging mirror according to claim 4, wherein said layer further comprises SiOg or SnO^ 

7. An antifogging mirror according to claim 1, wherein said layer comprises a coating wherein particles of said photo- 
40 catalytic material are uruformly dispersed. 

8. An arrtifogging rnirror according to daim 7, wherein said coatings 

coating is formed of a derivative of silicone in which the organic groups bonded to the silicon atoms of the silicone 
mdecules have been substituted upon prx photocatalytic 
45 action of said prratocatafytic material. 

9. An antifogging mirror according to dajm 1, wherein said substrate is made of glass containing alkafine network- 
nxxfifier ions and wherein a thin film for preventing said ions from diffusing from said substrate into said layer is 
interleaved between said substrate and said layer. 

50 

10. An antifogging minor according to claim 9, wherein said thin fim comprises a thin film of silica. 

11. An antifogging mirror according to claim 1, wherein the thickness of said layer is less than about 02. rrocrometers, 

55 12. An antifogging mirror according to claim 1 , wherein said layer further comprises a metal selected from the group 
consisting of Ag, Cu and Zn. 

13. An antifogging minor according to claim 1, wherein said layer further cornprises a metal selected from the group 
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consisting of PL Pd. Rh, Ru. Os and ir. 

14. An aritifogging mirror accord 

1 5. An antifogging mirror according to one of claims 1 -1 3. wherein said mirror is a rearview mirror for a vehicle. 

16. AnantHbggingrriiwaa^ 

17. An antifogging lens comprising: 

a transparent lens-forming body; and, 
a substantially transparent layer comprised of a photocatalytic semiconductor material and bonded to the sur- 
face of said lers^orming body; wureoui 
said I photocatalytic materia! operating upon photoexcftation thereof to render the surface of said layer 
is hycftnopNIic whereby adherent moisture condensate and/or water droplets are caused to spread over the sur- 

face of said layer to thereby pre/ent the lens-forming body from being fogged or blurred with adherent moisture 
condensate and/or water droplets. 

1a Anantifoggir^ 

20 wettabiOtyoflessthanaboutlO'interrre ^presents a water 

wettability of less than about 5° inters 7 

2s 20. ^anfjfoggmg lens according to claim 17, wherein said photocatalytic material comprises an oxide selected from 
the group consisting of HQ* ZnO, SnO* SrTiOg. WD 3 , Bi 2 03 and Fe^. 

21. An arrtifogging lens according to daim 20, wherein said photocatalytic material comprises the anatase form of tita- 
nia. 

so 

22. An antifogging lens according to claim 20, wherein said layer further corrprises SOj orSnCV 

**" ^"f 399 *" 8 . 1 ? 5 aCCOrdinflto **" 17 - wherein «id layer comprises a coating wherein particles of said photo- 
catalytic material are uniformly dispersed. mu- 
ss 

24. arrtifoc^lere aoxxding to daim 23. wherein said coating is made of silicone and wherein the surface of said 
< ^Zl^l^^t^Z° f SiS< ^ in 9roups bonded to the silicon atoms of the silicone 

sSS^SSeT 1 Ph0toeXCrtat,0n ^'^"P^withhydrc^lgroupsuxierthe photocataiytic 

40 

^ SI2!!!!!? n9 - ,D I 7 ' ^ 8fein ^ '^^"S body is made of glass containing alkaline net- 
w^-nwWierwr^ wherein a thm fim for preventing said ions from diffusing from said lens-forming body into 
said layer ts interleaved between said lens-forming body and said layer. * y 

45 26. An aritHogging lens according to daim 25, wh^ 

27. An antifc^ing lens accoiding to claim 17, wherein the 
so * £^^™*£ZT to ** m "^™** comprises a rr«tal sheeted from the group 

55 *»■ AnanfifegaJnglens according to one of daims 17-29. wherein said lens is an eyegJass lens. 
31. An antifogging lens according to one of daims 1 7-29, wherein said lens is an optical lens. 
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32. An airtifogging lens according wherein said lens is a prwtogjaphic lens. 

33. Anarrtrfogginglensaccorolr^ 

34. An antifogging tens accorcfing to one of claims 1 7-29, wherein said lens Is a prism. 

35. An antifogging transparent sheet men*>er comprising: 

a transparent substrate; and, 

a substairtially transparent layer corn^ serrrioonductor material and bonded to the sur- 

face of said substrate; 

said photocatalytic material operating upon ptotoexcitation thereof to render the surface of said layer 
nydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over the sur- 
face of said layer to thereby prevent the substrate from being fogged or blurred with adherent moisture conden- 
sate and/or water droplets. 

36. An antifogging sheet member according to claim 35, wherein upon photoexdtation the surface of said layer 
presents a water-wettabifrty of less than about 1^ 

37. An antifogging sheet member according to daim 36, wherein upon photoexdtation the surface of said layer 
presents a water-wettabiCty of less than about5°interrreof the corrtactan^ewimwater. 

38. An antifogging sheet member according to claim 35. wherein said photocatalytic material comprises an oxide 
selected from the group consisting of TO* ZnO. SnQa, SrTr0 3 . WQ3. B^Oq and Fe^. 

39. An antifogging sheet member according to claim 38, wherein said photocataJytic material comprises the anatase 
form of titania. 



40. An antifogging sheet member according to claim 38, wherein said layer further comprises S1O2 or Sn0 2 . 

41. An antifogging sheet member according to daim 35, wherein said layer comprises a coating wherein partides of 
said pho t ocata lytic material are uniformly dispersed. 

42. An antifogging sheet mentow according to claim 41, wherein said coating is made of silicone and wherein the sur- 
face of said coating is formed of a derivative of silicone in which the organic groups bonded to the silicon atoms of 
the silicone molecules have been substituted upon photoexdtation at least in part with hydroxyl groups under the 
photocataJytic action of said photocatalytic material. 

43. An antifogging sheet member according to claim 35, wherein said substrate is made of glass containing alkafirte 
network-modifier ions and wherein a thin film for preventing said ions from cfiffusing from said substrate into said 
layer is interleaved between said substrate and said layer. 

44. An antifogging sheet member according to claim 43. wte 

45. An antifogging sheet member according to daim 35, wherein the thickness of said layer is less than about OJZ 
micrometers. 



46. An antifogging sheet member according to claim 35. wherein said layer further comprises a metal selected from the 
group consisting of Ag, Cu and Zn. 

47. An antifogging sheet member according to daim 35. wherein sa^ 
group consisting of Pt, Pd, Rh, Ru, Os and Ir. 

48. An antifogging sheet member according to one of daims 35-47, wherein said substrate is a windowpane. 

49. An antifogging sheet merrto accancBng to daim 48. wh^ 

50. An antifogging sheet member according to claim 49. wherein said windowpane is a windowpane for a vehide 
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selected from the group consisting of automobile, railway vehicle, aircraft, watercraft. submarine, snowmobile, 
ropeway gondola, pleasure garden gondola and spacecraft. 

51 . An antifogging sheet member according to one of claims 35-47, wherein said substrate is a windshield for a vehicle. 

52. An antifogging sheet member according to daim 51, wherein said windshield is made of a material selected from 
the group consisting of glass and plastics. 

53. An antifogging sheet member according to daim 51 . wherein said windshield is a windshield for a vehicle selected 
from the group consisting of automobfle, railway vehide, aircraft, watercraft submarine, snowmobile, motorcyde 
ropeway gondola, pleasure garden gondola and spacecraft. 

54. An antifogging sheet member according to one of claims 35-47, wherein said substrate is a shield of goggles or 
mask. 

55. An antifogging sheet member according to one of daims 3S47, wherein said substrate is a shield of a helmet 

56. An antifogging sheet member according to oneof claims 35-47. wherein said substra^ 
uring instrument 

57. A composite with a hydrophilic surface, comprising: 

a substrate; and. 

a layer comprised of a photocatafytic semiconductor materia) and bonded to the surface of said substrate; 
said photocatalytic material operating upon photoexcHation thereof to render the surface of said composite 
hydrophinc such that the surface of said composite presents a water wettability of less than about 10° in terms 
of the contact angle with water. 

58. A composite according to claim 57, wherein upon photoexcitation the surface of said composite presents a water 
wettability of less than about 5° in terms of the contact angle with water. 

59. A composite according to claim 57, wherein the surface of said layer is further coated with a hydrophilic protective 
layer. 

6a A composite according to daim 57 , wherein the surface of said layer is further coated with a protective layer which 
is adapted to be rendered hydrophilic upon photoexcitation. 

61. A composite according to claim 57, wherein said substrate is made of a material selected from the group consisting 
of metal, ceramics, glass, plasties, wood, done, cement concrete, a combination thereof, and a laminate thereof, 
and wherein, for self-cleaning of the composite, said layer operates to permit adherent deposits and/or contami- 
nants to be washed away by raindrops as said composite is subjected to rainfall . 

62. A composite according to daim 57, wherein said substrate is made of a material selected from the group consisting 
of metal, ceramics, glass, plastics, wood, stone, cement concrete, a combination thereof, and a laminate thereof, 
and wherein said layer operates to prevent contaminants from adhering to the surface thereof as contaminant- 
laden rainwater flows thereaJong. 

63. A composite accc^fing to claim 61 or 62, wherein said substrate is a buikiir^ material. 

64. A composite according to claim 61 or 62, wherein said substrate is a sheet glass. 

65. A composite accorolng to daim 61 or 62, wherein said substrate is a plastic plate. 

66. A composite according to daim 61 or 62, wherein said substrate is a sheet metal. 

67. A composite according to daim 61 or 62, wherein said substrate is a tile, 

68. A composite according to daim 61 or 62. wherein said substrate is a coating of a niachine or artide of m^ 
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69. A composite according to daim 61 or 62, wherein said substrate is a windowpane for a building. 

70. A composite according to claim 61 or 62. wherein said substrate is a windowpane for a vehicle. 
5 71. A composite according to daim 61 or 62, wherein said substrate is a windshield for a vehicle. 

72. A composite according to claim 57, wherein said substrate is made of a material seleded from trie group cxmsistng 
of metal, ceramics, glass, plasties, wood, stone, cement concrete, a combination thereof, and a laminate thereof, 
and wherein, to facilitate cleansing of the composite with water, said layer operates to release adherent deposits 

10 and/or cont amin ants when soaked in or wetted with water. 

73. A composite according to claim 72, wherein said substrate is a surface of a machine or artide of manufacture. 

74. A composite according to daim 72, wherein said substrate is a coating of a machine or artide of manufacture 

15 

75. A composite according to daim 72, wherein said substrate is an outer panel of a building. 

76. A composite accorcSng to daim 72, wherein said substrate is an interior board of a building. 
20 77. A composite according to daim 72, wherein said substrate is a surface of a household. 

7a A composite according to daim 77, wherein said household is a bath tub. 

79. A composite according to daim 77, wherein said household is a wash basin. 

ss 

80. A composite according to daim 77, wherein said substrate is a surface of a kitchenware. 

81. A composite according to daim 80, wherein said kitchenware is a tableware. 
so 82. A composite accorcSng to daim 80, wherein said kitchenware is a sink. 

83. A composite accorcSng to daim 80. wherein said kitchenware is a cooking range 

84. A composite according to daim 80, wherein said kitchenware is a kitchen hood. 

ss 

85. A composite according to daim 80, wherein said kitchenware is a venttetion fan. 

86. A composite according to claim 57, wherein sakJ substrate is made of a material seleded from the group ccfisisting 
of metal, ceramics, glass, plastics, wood, stone, cement, concrete, a combination thereof, and a laminate thereof, 

40 and wherein, for prevention of growth of water droplets, said layer operates to cause adherent moisture condensate 
and/or water droplets to spread over the surface of said layer. 

87. A composite according to daim 86, wherein said substrate is a radiator fin for a heat exchanger and wherein said 
layer permits adherent moisture condensate antf a water dropl^ 

45 effidency of the heat exchanger. 

88. AcortposHeaocxxdingtod 

of metal, ceramics, glass, plastics, wood, stone, cement, concrete, a combration thereof, and a laminate thereof, 
and wherein, to promote drying of the substrate after wetted with water, said layer operates to cause adherent 
so water droplets to spread ever the surtax 

89. A composite according to claim 88, wherein said substrate is a surface of an artide selected from the group con- 
sisting of mirror, lens, sheet glass, and windshield. 

ss 90. A composite according to daim 88, wherein said substrate is a surface of a pavement 

91. A composite according to claim 57, wherein said photocatalytic material comprises an oxide selected from the 
group consisting of TO* ZnO. SnQ* SrTiQ3, WO3, &2Q3 and Fe^. 
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92. A composite according to claim 91, wherein said photocatalytic materia] comprises the anatase form of titania. 

93. A composite according to claim 91, wherein said photocatalytic rraterial comprises the rutOe form of titania. 

5 94. A composite according to claim 91, wherein said layer further comprises S*C>2 or Sn02- 

95. A composite according to claim 57, wherein said layer comprises a coating wherein particles of said photocatalytic 
material are urttformiy dispersed. 

10 96. A composite according to claim 95, wherein said coating is made of silicone and wherein the surface of said coating 
is formed of a derivative of silicone in which the organic groups bonded to the silicon atoms of the silicone mole- 
cules have been substituted upon photoexcHation at least in part with hydroxyl groups under the photocatalytic 
action of said photocatalytic material. 

is 97* A composite according to claim 57, wherein said substrate contains alkaline metal ions and/or alkaline-earth metal 
ions and wherein a thin film for preventing said ions from diffusing from said substrate into said layer is interleaved 
between said substrate and said layer. 

98. A composite according to claim 97, wherein said thin film comprises a thin film of silica. 

20 

99. A composite accorcSng to daJm 57, wherein the thickness of said layer is less than about 0.2 micrometers. 

1 00. A composite according to claim 57, wherein said layer further comprises a metal selected from the group consisting 
of Ag, Cu and Zn. 

25 

101 .A composite according to claim 57, wherein said layer further comprises a metal selected from the group consisting 
of Pt. Pd, Rh, Ru, Os and It. 

102 .An antifbgging method for preventing a mirror from being fogged or blurred with adherent moisture condensate 
so and/or water droplets, said method comprising the steps of: 

preparing a mirror coated with a substantially transparent layer comprised of a photocatalytic semiconductor 
material; and, 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophitic 
35 whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 

layer. 

lO&An antifbgging method for preventing a rntrror from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

40 

(a) preparing a mirror coated with a substantially transparem layer 
alytic semiconductor material are uniformly dispersed; and, 

(b) subjecting said priotocatalytic material of said layer to photoexcHation so that the orotic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 

45 hydroxyl groups under the photocatalytic action of said photocatalytic material to thereby render the surface of 

said layer hydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over 
the surface of said layer. 

104 .An antifbgging method for preventing a mirror from being fogged or blurred with adherent moisture condensate 
so and/or water droplets, said method cornprising the steps of: 

(a) preparing a mirror coated with a substantially transparent layer of silicone in which particles of a photocat- 
alytic semiconductor material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
ss the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 

hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(c) subjecting said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
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hydropttific under the photocatalytic action of said photocatalytic material whereby adherent moisture conden- 
sate and/or water droplets are caused to spread over the surface of said layer. 

10&An antifogging method for preventing a mirror from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

preparing a mirror ; 

coating the surface of said mirror with a substantially trartsparem layer compri 
ductor material; and, 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

10&An antifogging method according to claim 105, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a fimforming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said ffirrtforrning element; and. 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the siOcon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxy! groups 
under the photocatalytic action of sakd photocatalytic material. 

107- An antitoggtng method for preventing a lens from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

preparing a lens coated with a substantially transparent layer comprised of a photocatalytic semiconductor 
material; and, 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

108- An arttHbgging method for preventing a lens from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

(a) preparing a lens coated with a substantially transparent layer of silicone in which particles of a photocata- 
lytic semicoiductor material are uniformly dispersed; and, 

(b) subjecting said photoca^ 

the sHicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxy! groups under the photocatalytic action of said photocatalytic material to thereby render the surface of 
said layer hydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over 
the surface of said layer. 

lOAAn antifogging method for preventing a lens from being fogged or blurred with adherent moisture condensate 
and/br water droplets, said method comprising the steps of: 

(a) preparing a lens coated with a substantially transparent layer of silicone in which particles of a photocata- 
lytic semkxxiductor material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said fayer to photoexcitatm 

the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxy! groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(c) subjecting said photocatalytic material to preexcitation to thereby keep the surface of said layer 
hydrophilic under the photocatalytic action of said photocatalytic material whereby adherent moisture conden- 
sate and/or water droplets are caused to spread over the surface of said layer. 

IIOAn antifogging method for preventing a lens from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 
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preparing a tens ; 

coating the surface of said lens with a substantially transparent layer comprised of a photocatalytic semicon- 
ductor material; and, 

subjecting said photocatalytic malerial to photoexcitation to thereby r« 

whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

111.An antifogging method according to claim 1 10, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition co mp ri sin g particles of photocatalytic semiconductor 
material and a fflnvforming element of uncured or partially cured sflicone or a precursor thereof; 

(b) curing said fim-forming element and. 

(c) sub jecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxy! groups 
under the photocatalytic action of said photocatalytic material. 

112 - An antifogging method tor preventing a transparent sheet member from being fogged or blurred with adherent 
moisture condensate and/or water droplets, said method comprising the steps of: 

preparing a transparent sheet member coated with a substantially transparent layer comprised of a photocat- 
alytic semiconductor material; and, 

subjecting said photocatalytic material to priotoexcitation to thereby render the surface of said layer hydrophiGc 
whereby adherent moisture condensate and/or water droplets are caused to spread ever the surface of said 
layer. 

113 - An antifogging method for preventing a transparent sheet member from being fogged or blurred with adherent 
moisture condensate and/or water droplets, said method comprising the steps of: 

(a) pr epari ng a transparent sheet member coated with a substantially transparent layer of sil icon e in which par- 
tides of a photocatalytic semiconductor material are uniformly dispersed; and, 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxy! groups under the photocatalytic action of said photocatalytic materia] to toere^ 

said layer hydrophifc whereby adherent moisture condensate and/or water droplets are caused to spread over 
the surface of said layer. 

114 - An antifogging method for preventing a transparent sheet member from being fogged or blurred with adherent 
moisture condensate and/or water droplets, said method cornprising the steps of: 

(a) preparing a transparent sheet member coated with a subs^ 
tides of a photocatalytic semiconductor material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to prwtoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(c) subjecting said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
riydnophiOc under the photocatalytic action of said photocatalytic material whereby adherent moisture conden- 
sate and/br water droplets are caused to spread over the surface of said layer. 

115 - An antifogging method for preventing a transparent sheet member from being fogged or blurred with adherent 
moisture condensate and/a water droplets, said method corrprising toe steps of: 

preparing a transparent sh eet member ; 

coaling the surface of said transparent sheet member with a substantially transparent layer corrprised of a 
photocatalytic semiconductor material; and, 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophiCc 
whereby adherent moisture condensate and/br water droplets are caused to spread over the surface of said 
layer. 
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116^n antifogging method accordingtoclaimlis. wtier^ 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a fim-forming element of uncured or partiafly cured silicone or a precursor thereof 

(b) curing said farrvforming element; and, 

(c) subjecting said photocatalytic material to photoexcrtation so that the organic groups bonded to the eftcon 
atoms* the silicone molecules at the surface of said layer are substituted* least in part 

under the photocatalytic action of said photocatalytic material. 

1 17.A method for rendering a surface of a substrate rrydrqphifte 

preparing a substrate <x»ted with a layer c^^ 
s^e^ said prwtocatarytic materi 

baity of less than about 1 0 # in terms of the contact angle with water. 
118^ method for rendering a surtax of a substrate hydro^ 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) sut^ecting said photocatalytic mat 

atoms of the (silicone molecules at the surface of said l^ are substituted at least in part wi^ 

of said photocatalytic material whereby the surface of said layer is rendered 

1 1 9 o r^fS in ?,? da ll n 1 1 8 : Whef6in *** P****** 1 ** fe pr>otoexcited until the surface of said layer presents 
awater^ettabaityoflessthanaboutio* in terms of the contact angle with water. presets 

120A method for rendering a surface of a substrate hydrophflic, comprising the steps of: 

o^ngthe surface of the substrate with a teyer comprised of a photocatalytic s^ 

sheeting said photocatalytic material to photoexcrtation unta the surface of said layer presents a water-wetta- 

Mrty of less than abort 10^ terms of the cor^ 

121^ m^hod for rendering a surface ^ 

W applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
rraterial and a flm-formng element of uncured or partially cured silicone or a precursor thereof 
(b) curing said film-forming element; and, 

^f^^" 9 SakJ P |notocata, y t » c rnatertal to pHotoexotatiori so that the OTQanic groups bonded to ttie sflioDn 
a^jrt the aDcone molecules at the surface of said layer are substituted at least in part with hydroxy! groups 
under the ph<*oca1aiytic action of said photocatalytic material. 

1 22JV method according to daim 121, wherein said prwtocatalyst is prwtoe^ 
a water^ettabiirry of less than about ^ 

1 23^ method for cleaning a substrate, comprising the steps of: 

preparing a substrate coated with a layer comprised of a prwtocata^ 
disposing said substrate outdoors; 

sheeting said photocatalytic material to photoexcrtation to thereby render the surface of said layer hydrophflic; 

sheeting said substrate to rainfall whereby deposits and/or contaminants adhering on the surface of said 
layer are washed away by raindrops. sunace or sajo 

1 24.A method for cleaning a substrate, comprising the steps of: 
matenal are uniformly dispersed; 
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(b) disposing said substrate outdoors; 

(c) subjecting said photocataiytic material of said layer to photoex^ 

the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hyoYoxyl groups under the photocataiytic action of said photocataiytic material whereby the surface of said 
layer is rendered hydrophiGc; and, 

(d) subjecting said substrate to rainfall whereby deposits and/or contaminants adhering on the surface of said 
layer are washed away by raindrops. 

1 25. A method for cleaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocataiytic semiconductor 
material are uniformly dispersed; 

(b) disposing said substrate outdoors; 

(c) subjecting said photocataiytic material of said layer to photoexcitatian 60 that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocataiytic action of said photocataiytic material whereby the surface of said 
layer is rendered hydrophiGc; 

(d) subjecting further said photocataiytic material to photoexcttation to thereby keep the surface of said layer 
hydropWfci*xie*thepho^ material; and, 

(e) subjecting said substrate to rainfall whereby deposits and/or contaminants adhering on the surface of said 
layer are washed away by raindrops. 

126. A method for cleaning a substrate, comprising the steps of: 

preparing a substrate; 

coating the surface of said substrate with a layer comprised of a photocataiytic semiconductor material- 
disposing said substrate outdoors; 

subjecting said photocataiytic material to photoexchation to thereby render the surface of said layer hydrophSkr 
and, 

subjecting said substrate to rainfall whereby deposits and/or contaminants adhering on the surface of said 
layer are washed away by raindrops. 

127. A method according to daim 126, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocataiytic semiconductor 
material and a f informing element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said flmforming element; and, 

(^sub jecting said photocataiytic material to preexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecuies at the surface of said layer are substituted at least in part wim r^oxyi c/c^ 
under the photocataiytic action of said photocataiytic material. 

128^ method for cleaning a substrate, comprising the steps of: 

preparing a substrate coated with a layer comprised of a photocataiytic semiconductor material ; 

subjecting said photocataiytic material to overexcitation to thereby render the surface of said layer hydrophOic; 

and, 

rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
said layer are released therefrom and washed away by water. 

129^ method for cleaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocataiytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocataiytic material of said layer to photoexcitatian so that the organic groups bonded to 
th e silic on atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocataiytic action of said photocataiytic material whereby the surface of said 
layer is rendered hydrophiGc; and, 

(c) rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
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said layer are released therefrom and washed away by water. 
13<UV method lor cleaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic rt*^^ 

the sfficon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophflic; 

(c) subjecting further said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
hydrophific under the photocatalytic action of said photocatalytic material; and, 

(d) rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
said layer are released therefrom and washed away by water. 

131 .A method for cleaning a substrate, comprising the steps of: 

preparing a substrate; 

coating the surface of said substrate with a layer comprised of a prKrtocatal>to 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic; 
and, 

rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
said layer are released therefrom and washed away by water. 

13&A method according to claim 131, wherein said step of coating corrprises the steps of: 

(a) applying onto said surface a coaling composition comprising particles of photocatalytic semiconductor 
material and a flnrvtorming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said fflnhfbrming element; and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxyl groups 
under the photocatalytic action of said photocatalytic material. 

133^ method for cleaning a substrate, comprising the step6 of : 

preparing a substrate coated with a layer corrprised of a ph^ 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic; 
and, 

causing said substrate soaked in or wetted with water whereby organic deposits and/or contaminants adhering 
on the surface of said layer are released therefrom. 

134.A method for cleaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are unHbrmfy dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(c) causing said substrate soaked in or wetted with water whereby organic deposits and/or contaminants 
adhering on the surface of said layer are released therefrom. 

135^ method for cleaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so trw^ 

the sSicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
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hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophiBc; 

(c) subjecting further said photocatalytic material to photoexdtation to thereby keep the surface of said layer 
hydropNUc under the photocatalytic action of said photocatalytic material; and, 

(d) causing said substrate soaked in or wetted with water whereby organic deposits and/or contaminants 
adhering on the surface of said layer are released therefrom. 

136. A method tor cleaning a substrate, comprising the step6 of: 

preparing a substrate; 

cc^rxj the surface erf sati substrate material; 

subjecting said photocatalytic material to phctoextitatic* to 

and, 

causing said substrate soaked in or wetted with water whereby organic deposits and/or contaminants adhering 
on the surface of said layer are released therefrom. 

137. A method according to ciaim 136, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a fflm4orming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said flrn^brming element; and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxyl cjoups 
under the photocatalytic action of said photocatalytic material. 

1 3&A method for maintaining a surface of a substrate disposed outdoors clean, comprising the steps of : 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material; 
disposing said substrate outdoors; and, 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophiGc 
whereby contaminants are prevented from adhering to the surface of said substrate as contaminant-laden rain- 
water flows therealong. 

1 39. A method for maintaining a surface of a substrate disposed outdoors clean, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) disposing said substrate outdoors; and, 

(c) subjecting said photocatalytic material of said layer to priotoexc^ 

the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material to thereby render the surface of 
said layer hydrcphilic whereby cont amin ants are prevented from adhering to the surface of said substrate as 
contarninanHaden rainwater flows therealong. 

140. A method for maintaining a surface of a substrate disposed outdoors clean, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) disposing said substrata outdoors; 

(c) subjecting said photocatalytic rraterial of said layer to pf^ 

the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the phctocatalytfc action of said proton 
said layer hydrophiGc; and, 

(d) subjecting further said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
rrydrophilic under the photocatalytic action of said photocatalytic material whereby contaminants are prevented 
from adhering to the surface of said substrate as contarrinant-laden rainwater flows therealong. 

141. A method for maintaining a surface of a substrate disposed outdoors clean, comprising the steps of : 
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preparing a substrate; 

coating the surface of said substrate with a layer comprised of a photocatarytic semiconductor material; 
disposing said substrate outdoors; and, 

subjecting said photocataJytic materiaJ to ptartoexritation to thereby render the surface of said layer hyo^ophilic 
6 whereby contaminants are prevented from adhering to the surface of said substrate as contaminant-laden rain- 

water flows therealong. 

14ZA method according to claim 141, wherein said step of coating comprises the steps of: 

10 (a) applying onto said surface a coaling composition comprising particles of photocatalytic senvconductor 

material and a fim-fbrming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said fflrrvforrring element; and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the sfficon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxy! groups 

is under the photocatalytic action of said photocataiytic material. 

14&A method for preventing growth of water droplets adhering on a substrate, comprising the steps ot 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material; 
20 subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic; 

and, 

causing adherent moisture condensate and/or water droplets to spread over the surface of said layer. 
144.A method for preventing growth of water droplets adhering on a subs trate , comprising the steps of: 

25 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 

so hydroxy! groups under the photocatalytic action of said photocatalytic material whereby the surface of said 

layer is rendered hydrophilic; and. 

(c) causing adherent moisture condensate and/or water droplets to spread over the surface of said layer. 
1 4&A method for preventing growth of water droplets adhering on a substrata comprising the steps of: 

35 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic sefricorciuctor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic rrcderial of said layer to prwtoex^ 

the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
40 hydroxy! groups under the photocatalytic action of said photocatalytic material whereby the surface of said 

layer is rendered hydrophilic; 

(c) subjecting said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
hydrophilic under the photocatalytic action of said photocataJytic material; and, 

(d) causing adherent moisture condensate and/or water droplets to spread over the surface of said layer. 

45 

14&A method for preventing growth of water droplets adhering on a substrate, comprising the steps of: 
preparing a substrate; 

coating the surface of said substrate with a layer comprised of a rjhotocatalytic semiconductor materiaJ; 
so subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic; 

and, 

causing adherent moisture condensate and/or water droplets to spread over the surface of said layer. 
147.A method according to claim 146, wherein said step of coating comprises the steps of: 

55 

(a) applying onto said surface a coating composition comprising particles of photocatalytic serniconductor 
material and a fim-fbrming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said film-forming element; and, 
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(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydraxyl groups 
under the photocatalytic action of said photocatalytic material . 

5 14&A method accorcfing to one of claims 102-147, wherein the step of subjecting said photocatalytic material to pho- 
toexcitation is carried out with the sunlight 

149. A method according to one of claims 102*147, wherein the step of subjecting said photocatalytic material to pho- 
toexcitatton is carried out with an electric lamp selected from the group consisting of fluorescent lamp; incandes- 

io cent lamp, metal haGde lamp, and mercury lamp. 

150. A method according to one of claims 102-116 and 123-147, wherein the step of subjecting said photocatalytic 
material to photoexcitation is carried out until the water wettability of said layer becomes less than about 10° in 
terms of the contact angle with water. 

is 

151 .A method according to claim 150, wherein the step of subjecting said photocatalytic material to prntoexcitation is 
carried out until the water wettability of said layer becomes less than about 5° in terms of the contact angle with 
water. 

so 15&A method according to one of claims 1 1 7-122, wherein the step of subjecting said photocatalytic material to pho- 
toexcitation is carried out until the water wettability of said layer becomes le^ 
angle with water. 

153. A method according to claim 103, 104. 108. 109. 113, 114, 129. 130. 134. 135. 144 or 145. wherein said step (b) 
25 is carried out Lirrtil the water wettabinty of said layer becomes lesstrianabcxit 10° intends of the contact angle with 

water. 

154. A method accorcfing to claim 153, wherein said step (b) is carried out until the water wettability of said layer 
becomes less than about 5° in terms of the contact angle with water. 

30 

155. A method according to claim 104, 106. 109, 111. 114. 116, 124, 125, 127, 130, 132, 135. 137. 139, 140. 142, 145 
or 147, wherein said step (c) is carried out until the water wettability of said layer becomes less than about 10° in 
terms of the contact angle with water. 

3S 156.A method according to claim 155, wherein said step (c) is carried out until the water wettability of said layer 
becomes less than about 5° in terms of the contact angle with water. 

157.A method according to one of claims 102-147, wherein said photocatalytic material comprises an oxide selected 
from the group consisting of TiOg, ZnO, SnQg, SrTiO^ WO3, BigOg and Fe^. 

40 

158^ method according to claim 157, wherein said photocatalytic material comprises the anatase form of titania 

159.A method according to claim 157, wherein said layer further comprises SiQaorSnO^. 

45 160.A method according to one of claims 102-106, wherein the substrate of said mirror is made of glass containing 
alkaline netwcfk-modffier ions and wherein the surface of said substrate is coa 
ions from diffusing from said substrate into said layer. 

161.A method according to daim 160, wherein said thin film comprises a thin f 1m of silica 

so 

1 B2A method according to one of claims 1 07-1 1 1 , wherein said lens is made of glass containing alkaline network-mod- 
ifier ions and wherein the surface of said lens is coated with a thin film for preventing said icro from diffusing from 
the substrate into said layer. 

ss 1 63. A method according to claim 1 62, wherein said thin film comprises a thin f im of silica 

164. A method according to one of claims 1 12-116, wherein said transparent sheet member is made of glass containing 
alkaline network-modrf ier ions and wherein the surface of said sheet member is coated with a thin film lor prevent- 
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ing said ions from diffusing from the substrate into said layer. 

method according to daim 164. wherein said thin fflm comprises a IWnflm of sfflca. 

166 ^?!^^^^^* ,tiTO -l 17 " 147, wherein substrate contains alKaiine metal ions anoVbr aikalme- 
X^^^TsZZ* ^ ^ * preventing^rS 

167^rnethodacoc^ng to daim 166. wherein said thin 
168£method according to one of daims 102-147. wherein the thickness of said byer is tess than about 0.2 mioorne- 

169JV method according to one of claims 102-147. wherein, for destroying or inhibiting growth of bacteria and m™ 
J^a^^esu^^ 

170^method according to one of claims 102-147. wherein, for enhancing the redox action of the orwtocatalvtic mat*. 
nal. sari layer further comprises a metal setected from the group oo^isfing of P^^XfSS^ 

171 JK method of manufacturing an antilbgging inirnx. conprisi^ 

preparing a substrate with or without a reflective coating- 

£no^ma^;tf 

tocTur^S^^S^. 00 ^ ^ ^ ^ ^ p^or to or subsequent 
172JV method of manufacturing an anWogging lens, comprising the steps of: 
preparing a lans-forming body; and, 

173^ inetJwd of frariufacturfng an ar^ 

preparing a transparent substrate; and, 

17*A method of manufacturing a shearing composite, comprising the steps of: 
preparing a substrate; and. 

coating the surface of said substrate with a photo-reactive laver comorteflri «f » r+^^^u*^ ■ , 

17&A method of manufacturing a conipositewHhahy*oph«c« 
preparing a substrate; and. 
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1 77JK method according to claim 1 76, wherein the step of subjecting said photocatalytic material to photoexcitation is 
carried out until the water wettability of said layer becomes less than about 5° in terms of the contact angle with 
water. 

17&A method accortfing to one of claims 171-175, wherein said photocatalytic material corrprises an ooride selected 
from the group consisting of TiCfe, ZnO, SnOfc, SrTiO^ WO3. K2O3 and Fe2<>3. 

1 79.A method according to claim 1 78, wherein said photocatalytic material comprises the anatase form of trtania 

180A method according to one of claims 171-175, wherein said step of coating comprises the steps of: 

(a) applying onto the surface a coating composition comprising particles of photocatalytic semiconductor mate* 
rial and a film-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said finvforming element and, 

(c) subjecting said photocatalytic material to photoexcHation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the suifece of said layer are substituted at 1^ 

under the photocatalytic action of said photocatalytic material. 

181 .A method according to daim 180, wherein said step (c) is carried out until the water wettability of the surface of said 
layer becomes less than about 10° in terms of the contact angle with water. 

182-A method according to daim 181, wherein said step (c) is carried out until the water wettability of the strbce of said 
layer becomes less than about 5° in terms of the contact angle with water. 

18&A method according to one of daims 171-175, wherein said step of coating comprises the steps of: 

(a) coating the surface with a thin f 9m of amorphous titania; and, 

03) heating said thin film at a temperature less than the softening point of the substrate to transform amorphous 
titania into crystalline titania 

184.A method according to claim 183, wherein prior to said step of coating the substrate is coated with a thin film of 
silica to prevent alkaline network-mocftier ions from diffusing from the substrate into said layer. 

185^ method according to daim 183, wherein said step (a) is carried out by applying onto the surface a solution of an 
organic compound of titanium, followed by subjecting said compound to hydrdysis and dehydration polymerization 
to form said thin film of amorphous titania over the surface 

1 86. A method according to claim 1 85, wherein said organic compound of titanium is selected from the grotp consisting 
of alkoxide, chelate and acetate of titanium. 

187. A method according to daim 183, wherein said step (a) is earned out by applying onto the surface a solution of an 
inorganic compound of titanium, followed by subjecting said compound to hydrolysis and dehydration polymeriza- 
tion to form said thin film of amorphous trtania over the surface. 

188^ method according to claim 1 87, wherein said inorganic compound of titanium is T1CI4 or TifSO^ 

189. A method according to daim 1 83. wherein said step (a) is earned out by sputtering. 

190. A method according to daim 178. wherein said layer further comprises Sf0 2 . 

191 .A method according to daim 190, wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising partides of crystalline titania and partides of silica; and, 

(b) heating said SLbstrate at a temperature less than the softening point of the substrate to thereby bond par- 
tides to said substrate and to sinter partides with each other. 

192^ method according to claim 191, wherein prior to said step of coating the substrate is coated with a thin fflm of 
silica to prevent alkaline network-modifier ions from diffusing from the substrate into said layer. 
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method according to daim 190, wherein said step of coating conrprises the steps of: 

(a) applying onto the surface a suspension comprising crystalline tHania particles cSspersed in a precursor of 
amorphous silica; and. 

5 (b) subjecting said precursor to hydrolysis where necessary and to dehydration polymerization to thereby form 

on said surface a layer of titania particles bound by amorphous silica. 

method according to claim 190, wherein said step of coating comprises the steps of: 

10 (a) applying onto the surface a suspension comprising particles of silica dispersed in a solution of an organic 

compound off titanium; 

(b) subjecting said compound to hydrolysis and dehydration polymerization to form a thin film of amorphous 
titania in which particles of silica are dispersed; and, 

(c) heating said film at a temperature less than the softening point of the substrate to thereby transform amor- 
is phous titania into crystaHine titania 

195^V method according to claim 190. wherein said step of coating con^ 

(a) applying onto the surface a solution cc*Tprising an organic compound of titanium and a precursor of amor- 
20 phous sifica; 

<b) subjecting said compounds to hydrolysis and dehydration polymerization to thereby form a thin film com- 
prising amorphous titania and amorphous silica; and, 

(c) heating said film at a temperature less than the softening point of the substrate to thereby transform amor- 
phous titania into the anatase form of titania. 

25 

19&A method according to claim 194, wherein said organic compound of titanium is selected from the group consisting 
of alkoodde, chelate and acetate of titanium. 

1 97.A method according to claim 1 95, wherein said organic compound of titanium is selected from the group consisting 
so of altaride, chelate and acetate of titanium. 

1 98^ metrwd according to claim 193, wherein said precursor is tetraalkoxysilane, silanol. polystloxane having an aver- 
age molecular weight of less than 3000, or a mixture thereof. 

ss 199.A method according to claim 195, wherein said precursor is tetraalkoxysilane, silanol, polysiloxane having an aver- 
age molecular weight of less than 3000. or a mixture thereof. 

200.A method according to according to daim 178, wherein said layer further comprises SnO^ 

40 201 A method according to claim 200. wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising particles of the anatase form of titania and particles of 
tin oxide; and, 

(b) heating said substrate at a temperature of less than 900°C to thereby bond particles to said substrate and 
45 to sinter particles with each other. 

202A mefrod according to daim 191, wherein prior to said step of coating the substrate is coated with a thin film of 
sflica to prevent alkaline network-mocSfter ions from diffusing from the substrate into said layer. 

so 203-A method according to claim 200, wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising partides of tin oxide dispersed in a solution of organic 
compound of titanium; 

(b) subjecting said compound to hydrolysis and dehydration polymerization to thereby form a thin fdm of amor- 
ss phous titania in which particles of tin oxide are cfispersed; and, 

(c) heating said film at a temperature of less than 900°C to thereby transform amorphous titania into crystalline 
titania 
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method according to one of claims 171-175, wherein said step of coating is carried out such that the thickness 
of said layer is less than about 02. rrtaometers. 

20&An antifogging mirror adapted to prevent moisture condensate and/or water droplets adhering on the surface 
thereof from fogging or blurring the mirror, said mirror comprising: 

a substrate with a reflective coating; and, 

a substantially transparent coating of silicone which is bonded to the surface of said substrate and in which par- 
ticles of a photocatalytic material are uniformly dispersed; 

the organic groups bonded to the silicon atoms of the silicone molecules at the surface of said coating being 
substituted upon overexcitation of said photocatalytic material at least in part with hydroxy! groups whereby 
the surface of said coating presents a highly hydrophiGc property. 

206. An antifogging lens adapted to prevent moisture condensate and/or water droplets adhering on the surface thereof 
from fogging or blurring the lens, said lens comprising: 

a transparent lens-forming body; and, 

a substantially transparent coating of silicone which is bonded to the surface of said body and in which parti- 
cles of a photocatalytic material are uniformly dispersed; 

the organic groups bonded to the silicon atoms of the silicone molecules at the surface of said coating being 
substituted upon photoexcHation of said photocatalytic material at least in part with hydroxy! groups whereby 
the surface of said coating presents a highly hydrophific property. 

207. An antifogging sheet glass adapted to prevent moisture condensate and/or water droplets adhering on the surface 
thereof from fogging or blurring the sheet glass, said sheet glass comprising: 

a transparent substrate; and, 

a substantially transparent coating of sflicOT 

tides of a photocatalytic material are uniformly dispersed; 

the organic groups bonded to the silicon atoms of the silicone molecules at the surface of said coating being 
substituted upon phctoexcitation of said photocatalytic material at least in part with hydroxyl groups whereby 
the surface of sab coating presents a highly hydrophiGc property. 
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FIG. 9 
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FIG. 11A 
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FIG. 11B 
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FIG. 12 
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